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ABSTRACT 


This  document  is  intended  for  use  as  a  design  handbook  for  the  Ringsail 
parachute.  It  begins  with  an  historical  review  of  the  aerodynamic  and 
structural  development  of  the  parachute,  including  the  development  of  the 
modified  Ringsail  design  used  in  the  Apollo  ELS  main  parachute  cluster. 
Salient  characteristics  of  all  Ringsail  parachutes  fabricated  and  tested  over 
the  past  16  years  are  summarized.  An  exposition  of  the  prese-nt  status  of 
Ringsail  design  and  operational  theory,  with  special  emphasis  on  a  general 
theory  of  the  inflation  characteristics  of  clustered  canopies,  is  given. 

Accumulated  performance  and  weight  data  are  presented  in  tabular  and 
graphical  form.  A  detailed  step-by-step  procedure  for  the  design  of  the 
Ringsail  parachute  is  given  and  illustrated  by  numerical  example.  Perti¬ 
nent  design  analysis  methods  are  described  including  the  recently  improved 
computer  methods  of  opening  load  prediction  and  stress  analysis.  Con¬ 
struction  details  and  fabrication  and  assembly  procedures  in  which  the 
Ringsail  parachute  differs  from  other  parachute  types  are  delineated.  Addi¬ 
tional  design  data,  specifications  and  pertinent  information  are  presented 
in  appendices. 
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Cluste  ’  of  Two  128,  8  Ft  D0  Ringsail  Parachutes 
r>e8cending  at  26. 1  FPS  (EAS)  With  17,  720  Pounds 


SECTION  1 


INTRODUCTION 


The  first  Ring  sail  parachute  started  out  as  a  rather  unprepossessing 
modification  of  the  Ringslct  design,  but  after  surviving  two  embarrassing 
proof  tests,  it  was  found  to  have  some  desirable  performance  advantages. 
Since  that  day  in  February  1955  the  Ringsail  parachute  has  been  improved 
in  both  performance  and  method  of  design,  and  has  seen  extensive  use  in 
missile  and  drone  recovery  systems.  It  has  also  been  used  in  a  variety 
of  space  vehicle  recovery  or  landing  systems  including  those  of  Mercury, 
Gemini,  and  Apollo. 


The  purpose  of  this  work  is  to  provide  designers  with  all  of  the  detailed 
information  required  to  produce  a  successful  Ringsail  parachute  of  near- 
'  optimum  performance  for  a  given  application.  The  presentation  begins 
with  a  historical  review  of  Ringsail  development  aimed  at  exposing  the 
pitfalls  that  lie  in  the  path  of  the  innovative  designer,  hopefully  to  spare 
him  repetition  of  errors  made  by  his  predecessors. 


.One  of  the  earliest  designs  of  the  Ringsail  was  the  "Skysail"  personnel 
parachute  developed  for  the  Navy.  The  first  Skysail  jump  test  was  per¬ 
formed  in  1958  over  the  Salton  Sea  by  Chief  H.  W.  Piccard  of  the  Naval 
Parachute  Unit,  flying  out  of  the  Naval  Air  Station,  El  Centro,  California 
on  a  routine  jump  test  mission.  Since  that  time  hundreds  of  Navy  airmen 
and  a  number  of  skydivers  have  jumped  the  Skysail  without  incident. 


The  historical  review  pays  special  attention  to  the  development  of  the 
modified  Ringsail  for  the  Apollo  ELS  parachute  cluster.  Although  this 
parachute  has  been  widely  publicized  as  having  a  nominal  diameter  of 
83.  5  feet,  it  is  referred  to  throughout  this  document  by  its  true-scale 
diameter  of  D  =  85.  6  feet.  The  smaller  figure  was  calculated  by  sub¬ 
tracting  the  area  of  the  wide  slot  from  the  canopy  area,  producing  a  value 
for  SQ  which  cannot  be  used  in  performance  comparisons. 

The  historical  review  includes  a  summary'of  the  salient  characteristics 
of  all  existing  Ringsail  parachutes,  supplemented  by  a  set  of  diagrams 
in  Appendix  A  covering  the  construction  details  of  the  most  familiar 
operational  models.  Significant  data  on  several  special-purpose  Ringsail 
parachutes  of  modified  design  are  given  in  Appendix  B.  The  history  con¬ 
cludes  with  an  appraisal  of  the.  present  status  of  Ringsail  design  and  oper¬ 
ational  theory.  "  V  V 
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Presented  in  Section  3  is  a  digest  of  Ringsail  parachute  performance  data 
accumulated  from  a  number  of  different  programs  in  which  instrumented 
aerial  drop  tests  were  performed.  An  attempt  has  been  made  to  discard 
wild  points  and  reduce  the  data  to  a  form  most  useful  to  the  designer 
The  data  scatter  remains  wide.  The  validity  of  the  measurements  reported 
for  some  Ring  sail  models  is  open  to  question,  but  to  reject  the  results 
completely  would  leave  unjustified  gaps  in  the  picture.  The  quality  of  the 
performance  picture  has  been  blurred  in  another  way  also;  the  documenta- 
..  tion  is  incomplete.  Some  important  test  reports  could  not  be  found  in  the 
morgue  and  are  presumed  lost  or  destroyed.  Other  test  reports  were 
incomplete  in  basic  essentials.  Everything  that  is  known  about  Ringtail 
O  parachute  performance  has  been  put  together  in  Section  3  as  accurately  '• 
sas  possible  for  the  guidance  of -the  designer.  Accumulated  weight  data 
for  all-Ring  sail  parachutes  manufactured  are  summarized  in  Section  4. 


A  step-by-step  design  procedure  for  the  Ringsail  parachute  is. detailed  in1. 
Section5,  This  is  a  minimal  procedure  which-will  produce  as  an  end 
item  all  the  dimensional  data  and  material  requirements  needed  to  manu¬ 
facture  a  prototype  model.  The  design  procedure  is  illustrated  by  numerical 
example  in  Appendix  C,  concluding  with  a  preliminary  weight  and  volume  ‘ 
estimate.  Design  analysis  methods  are  given  in  Section  6  by  means  of,-, 
which  the  prototype  design  can  berefined,  reefing  requirements  determined, 
-performance  characteristics  and  opehing  loads  predicted,  a  rigorous  stress  .' 
analysis  performed, and  weight,  volume  and  porosity  calculated.  The 
design  analysis  is  usually  a  preliminary  to  the  ^performance  of  a  number  of 
aerial  drop  tests  aimed  at  completing  the  design  development  of  the  para-  ^ 
chute  through  verification  of  both  aerodynamic  performance  and  structural 
integrity.  After  such  tests  have  been  successfully  completed  is  the  time 
to  prepare  detailed  production  drawings  of  the  new  parachute. 


Construction  features  peculiar  to  the  Ringsail  parachute  are  described  in 
Section  7  as  a  guide  to  the  preparation  of  manufacturing  drawings.  The  1 
fabrication  and  assembly  techniques  used  in  Ringsail  parachute  manufacture 
are  described  in  Section  8  along  with  a  discussion  of  unusual. quality  control 
methods.  •  i'  .  v-  .  .  ,  . 
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i  •  ,  SECTION  2 

■  ■  i  .  ■ 

HISTQRICAL  DEVELOPMENT  , 

j  ' ! 

2. 1!  descriptive  historicalreview  -n 

The  purpose  of  presenting  this  historical  review  in  what  is  nominally  a 
"design  handbook"  for  Ringsail  parachutes  is  to  giye  parachute  designers 
(  and  innovative  designers  in  particular)  a  view  of  the  many  different  cen- 
\  •  figurations  and  methods  of  construction  tested.  Of  particular  interest  will 

be  those  features  that  were  tested,  found. wanting,  and  discarded, 

;  !  ‘  i  -• 

>  2. 1.  1  Conception  of  the  Ringsail!Design  Principle  !  1 

1  .  i  -  1  ■  '  ;  , 

In  T  953,'  during  an  engineering  research  program  aimed  at  advancing  the 
,  ::  development  of  the  Ring  slot  parachute  as  an  aircraft  deceleration  ( 

parachute,  it 'Was  recognized  that  there  was  a  large  number  of  ways' in  .  ,  i 

,;V '  which  an  annulate  canopy' with  alternating  rings  of  slots  and  sails  could 
"''2-  ;be  formed.  Indeed,  the  ndmber  of  possible  combinations  of  slots  per  gore, 

.  y  slot /sail  width  ratios,  variable  slot  width  distributions,  and  canopy  profile  ' 

. !  •  shades  was  so  large'as  to  preclude  t e/sting  more  than  ai  fraction  pf  them  , 

- '  .  |v  in  the  wind  tunnel.  Thus,  it  is  not  surprising  that  when  the  suggestion  was 

'  "  offered  that  the  belly  or  "fullness"  of  the  sails  could  also  bp,  varied  1  ,  • 

between  leading  and, trailing  'edges,  the  idea  was  not  received  with  i  i 

enthusiasm;  However,  it' was  recorded  in  Reference  1  as  follows:  t 

’  ’  *  |  .  I  ! 

. 1  "It  is  evident  that  the  gore  geometry  of  the  Ring  slot  isopen 

.  j  ■; 1  to  considerable  variation,  >  not  only  in  the  number  a.nd  width  '  , 

•••  of  slots  and  sections,  but  also  in  the  iangle  of  radial  cut  on 

1  |  each  pahel.  In  addition  to  the  usual  methods  of  affecting  the  '  ''  1  "  ; 

overall  canopy  shape  by  varying  the  width  of  the  gore  patterii, 
i  ~  j]'-  ythe  opportunity  is  presented  of  varying  the  fullness  and  angle  v  .  , 

.  -i  i  of  attack  of  each  section  (i.  e. ,  each  ring)  independently,  of  the  ,  '  !  , 

1  others.  While  the  effects  of  different  combinations  of  slot  i  r 

.  .width  and  ring  height1  have  been  investigated  to  some  extent,..  1 
V;  '  v  ■■■  the  independent  variation  of  section  fullness  and  angle  of 
.  attackihas  not,  4nd  is  sufficiently  promising  of  results  to  ,  , 

.  '  .  warrant  careful  evaluation,  Two  .possibilities  are  immediately  1 

evident:  ’ v-  _  ^  , 


i  i 


i  ■  3 


(1)  An  increase  in  the  average  angle  of  attack  of  the  individual 
rings  in  the  skirt  region  beyond  the  mid- radius  could  have  a 
beneficial  effect  on  both  Cp0  and  opening  characteristics. 

(2)  An  increase  in  the  section  width  in  the  crown  area  will 
reduce  transverse  fabric:  stresses  by  reducing  the  localradius 
of  curvature.  "  . 

Subsequent  events  have  proved  the  first  surmise  to  be  quite  correct  with 
;  little  qualification.  The  second,  it  was  found  could  be  effected  better 
by  simply  adding  fullness  to  conventional  Ring  slot  construction  in  the 
crown  of  the.Ringsail  panopy.  ~  v 

2.1.2  Evolution  of  the  First  Working  Models 

An  opportunity  to  test  the  Ringsail  design  concept  did  not  arrive  until  1955 
and  then  simultaneously  on  two  different  programs.  The  first  of  these 
programs  had  been' initiated  in  April  1954  with  a  proposal  to  the  Bureau  of 
Aeronautics  for  development  of  the  Ringsail  personnel  parachute  (Reference  2). 
.  The  purpose  of  this  program  was  to  produce  an  improved  escape  system  for 
“Naval  airmen  in  which  the  parachute  opening  shock  would  not  exceed  25g  in  a 
400  knot  bailout  and  the  pack  weight  and  bulk  would  be  a  minimum. 

The  Skysail  configuration  illustrated  in  Figure  l  was  justified  by  the 
-  following  statement  of  Ringsail  design  theory  (Reference  2). 

"Although  the  possibility  exists  of  effecting  the  desired  improve¬ 
ment  by  the  stepwise  development  of  a  set  of  gore  coordinates 
for  a  solid  shaped  canopy,  experience  with  the  Ringslot 
parachute  suggestc  that  the  use  of  carefully  distributed  geometric 
porosity  holds  greater  promise.  However,  the  delicate  balance 
between  drag  efficiency  and  opening  reliability  on  the  one  hand 
and  stability  and  opening  shock  on  the  other  is  easily  upset  if 
;the  size  and  shape  of  the  geometric  openings  are  poorly  proportioned.' 
The  central  problem  is  one  of  providing  the  geometric  porosity 
needed  to  satisfy  the  stability  requirement  ina  form  which 
properly  controls  airflow  through  the  canopy.  The  flow  control 
must  be  twofold: 

(1)  The  openings  shall  provide  good  ventilation  during  inflation 
in  order  to  limit  opening  shock. 

(2)  The  lips  of  the  openings  shall  inhibit  ventilation  during 
steady  descent  in.  order  to  provide  a  maximum  drag  coefficient. 
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Solution  of  this  problem  is  possible  only  because  both  the  .shape 
of  the  canopy  and  the  character  of  the  flow  field  during  each  of 
these  phases  is  different.  The  geometric  porosity  of  the  Skysail, 
like  that  of  the  Ringslot,  is  distributed  among  a  number  of 
narrow  concentric  annular  rings  (Figure  1).  However,  the 
similarity  between  the  two  parachutes  ends  here.  Aside  from 
important  structural  differences,  the  essential  difference  between 
the  Ringslot  parachute  and  the  Skysail  is. .  .(that  described  in 
the  quotation  from  Reference  1  above).  Precise  and  virtually 
independent  control  of  each  annulus  of  the  canopy  is  achieved  by 
this  means.  Thus,  during  inflation  the  absolute  magnitude  of 
canopy  porosity  may  be  relatively  large,  but  after  inflation  the 
projected  geometric  porosity  is  small  and  through-flow  interference 
becomes  a  maximum.  At  the  same  time,  the  leading  edge  of  each 
fabric  annulus  in  succession  meets  the  airstream  at  a  high  angle 
of  attack,  thereby  promoting  reliability  of  inflation. 

It  is  estimated  that  a  geometric  porosity  of  between  5%  and  10% 
will  satisfy  all  requirements,  but  the  uncertainty  factor  inherent 
in  the  aeroelastic  properties  of  any  new  gore  design  can  only  be 
resolved  by  appropriate  experiments.  For  the  same  reason,  it 
cannot  be  assumed  that  the  sail  geometry  shown  in  Figure  1  is 
necessarily  the  best,  but  on  theoretical  grounds  its  probability 
of  success  is  high.  " 

In  December  1954,  before  the  Skysail  development  contract  award  was 
made,  the  need  for  a  high  performance  recovery  parachute  on  the  XQ-4A 
drone  program  motivated  the  design,  fabrication  and  testing  of  the  first 
Ringsail  parachute.  In  the  form  first  tested  in  February  1955  (Reference 
3),  the  canopy  had  nominal  diameter  (D0)  of  64.  7  ft,  48  gores,  10  rings 
of  sails,  and  the  sail  dimensions  were  derived  from  the  coordinates  of  a 
shaped-gore  as  shown  in  Figure  2,  In  searching  for  a  rational  method 
of  computing  sail  widths  that  would  be  structurally  conservative,  the 
coordinates  of  a  flat  gore  were  adopted  as  a  base  reference  and  the 
coordinates  of  a  surface  of  revolution  approximating  the  inflated  shape  were 
used  as  a  lower  boundary  reference.  The  result  was  a  shaped-gore  with 
considerably  more  allowance  for  bulging  between  radials  than  was  actually 
needed  for  stress  relief. 

When  the  first  64,7  ft  D0  Ringsail  prototype  was  drop  tested  (February 
1955,  El  Centro,  California),  it  exhibited  the  same  general  behavior  as 
that  seen  much  later  in  the  84,  2  ft  D0  Gemini  Ringsail- --the  fully  inflaU.4 
canopy  was  slack  and  puffy  with  several  gores  folded  inward  on  one  skJa 
(Figure  3a). 
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♦Derived  from  Profile 
at  Radial  Seam 


Figure  2.  Sail  Fullness  Distribution  ol  First  Ringsails 


In  order  to  continue  the  test  program  with  minimum  delay,  the  infolding 
was  corrected  by  removing  two  gores  from  the  canopies  of  the  existing 
test  specimens  (Figure  3b).  The  modified  parachutes  (with  46  gores 
D0  =  63  ft)  were  used  until  new  48  gore  models  could  be  fabricated  with 
sail  dimensions  corrected  as  shown  in  the  Figure  2  with  a  reduction  in 
width  of  approximately  10%. 


During  the  subsequent  development  and  qualification  tests,  the  drag  coefficient 
derived  from  rough  rate  of  descent  measurements  averaged  Cr>  =  0. 73,  an 
increase  of  30%  over  that  of  the  56  ft  D0  Ring  slot  canopy  that  new 
parachute  replaced.  However,  this  was  tempered  by  a  40%  increase  in  the 
average  amplitude  of  pendular  oscillations,  i.e. ,  from  i  5°  to  i  7°. 

Since  the  stability  was  still  acceptable  for  recovery  purposes  in  a  system 
utilizing  an  airbag  impact  attenuation  system,  the  gain  in  drag  efficiency 
was  almost  entirely  on  the  plus  side,  and  it  could  be  said  that  the  Ringsail 
design  principle  had  proved  to  be  reasonably  successful. 


'n,  z  c^ofv  re,“'  ,poTT, was  .“?• mor*  di“icuu  b>r  the  sman 

no  “  (°o  -  27  -30  ft).  Ringsails  in  the  18  to  41  ft  D0  range  could 

b  ptr  r  1°  p  as  mUCh  drag  P<Jr  unit  area  Mthose  of  D0  *  56  ft  and 

,  f  \  thl8  r*8pect  thc  Rin8eaiI  appeared  to  exhibit  a  CD  change  with 

improvement  in  stability  relative  to  Peculation,  oTT?™*  win]'  m  s”me"ca.ea 
average  amplitudes  of  *10  to  15*  were  recorded.  Thus,  in  the  Skvaail 
””8*  *j!'  gai"  in  dr*s  aootlicient  (or  parachute,  of  equal  etablllty’wa,  lose 
It  m  lrrr'VnV,°bIhr ‘n6,1°:-  'V™8  *"h  *hU  -  epenin^ahoeh* 

was  moderate  and  the  increa.ed  .ail  angle  of  .tuck  mad.  the  opening  tendencj 


Skysail  Model  A  (26.  9  ft  D0  with  20  gores)  designed  in  June  1955  (Figure  4), 
was  the  first  Ringsail  with  gore  coordinates  developed  for  a  canopy  shape  of 
a  quarter  sphere.  The  fact  that  the  performance  of  this  model  was  deficient 
in  all  categories  is  attributed  to  the  use  of  only  six  cloth  rings  of  which  the 
three  in  the  major  area  of  the  canopy  were  36  inches  wide  and  the  skirt  ring 
had  no  fullness,  i.e.,  the  constructed  profile  had  a  ekirt  angle  of  60  degrees 
as  shown  in  Figure  1,  The  sail  fullness  distribution  used  in  this  first  Skysa « 
model  is  shown  in  Figure  5.  The  angle  of  attack  of  the  sails  was  not  ade¬ 
quately  developed  in  this  model  and  the  geometric  porosity  was  low. 

Sky  tail  Model  B  (29, 4  ft  D0  with  20  gores)  was  made  with  nine  cloth  rings 
all  approximately  18  inches  in  width,  but  again  with  no  fullness  in  the  skirt 
ring.  Tins  model  went  through  three  modifications  aimed  at  gaining  an 
acceptable  drag  coefficient: 
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Tethered  In  the  Wind 


Skycmit  Personnel  Parachute  Coordinates 


(1)  XB-1:  Restrictor  tapes  were  installed  on  the  gore  centerline 
across  the  four  slots  in  the  peripheral  area  of  the  canopy  above 
the  skirt.  These  changed  the  crescent  shaped  slots  to  double 
openings  as  shown  in  Figure  6.  This  modification  was  abandoned 
when  tests  showed  the  filling  time  to  be  excessive,  giving  the 
first  indication  that  the  Ringsail  filled  through  the  side  slots  as 
well  as  through  the  mouth. 

(2)  XB-2:  Pocket  bands  derived  from  FIST  ribbon  parachute  design 
documentation  were  added  to  the  canopy.  These  were  discarded 
to  simplify  construction  after  a  few  tests  showed  no  overt  im¬ 
provement  in  opening  characteristics,  but  it  is  now  believed  the 
tests  measurements  were  too  rough  to  constitute  conclusive 
evidence.  Pocket  bands  on  the  Ringsail  should  be  as  effective  as 
they  are  on  other  parachute  types. 

(3)  XB-3:  The  skirt  ring  (#9)  was  removed  from  the  canopy,  de¬ 
creasing  the  basic  skirt  angle  from  60*  to  54*.  This  change  also 
reduced  the  nominal  diameter  to  D0  =  26,  8  ft,  but  more  important, 
it  produced  a  canopy  having  a  flared  skirt  with  a  fullness  of  17,  5% 
in  the  bottom  sail  (#8),  However,  with  an  average  leading  edge 
fullness  in  the  sails  of  approximately  13%,  the  crescent  shaped 
slots  were  relatively  large  in  the  fully  inflated  canopy  and  the  low 
drag  coefficient  obtained  was  attributed  to  excessive  geometric 
porosity,  (kg  =  13.5%,  *r  =  16.6%). 

Skysail  Model  C  (28,  3  ft  D0  with  24  {pres)  was  designed  to  overcome  the  de¬ 
ficiencies  of  Model  B:  24  gores  (in  place  of  20)  for  narrower  sails  and  average 
sail  leading  edge  fullness  reduced  to  9%  (in  place  of  13%).  However,  the 
canopy  was  again  made  to  the  quarter  spherical  shape  with  a  60  degree  skirt 
angle.  The  justification  for  this  was  the  full  skirt  of  Model  SB  did  not  inflate 
tautly  and  tended  to  flutter,  but  this  retrogression  was  an  over- reaction,  and 
the  drag  coefficient  of  Model  C  Was  no  better  than  that  of  Model  B. 

Skysail  Model  13  (29, 6  ft  jDo  with  24  gores)  was  the  final  configuration  devel¬ 
oped  under  the  original  Bureau  of  Aeronautics  contract  and  the  one  selected 
for  the  qualification  program  (Figure  7).  It  combined  what  were  believed  to 
be  the  beat  features  of  Models  B  fc  C: 

a)  Basic  shape  a  spherical  segment  with  a  skirt  angle  of  54  degrees,  * 

b)  Average  sail  leading  edge  fullness  8. 8%. 

c)  Nine  rings  each  18  inches  wide  with  four  open  ringslots  in  the  crown 


.*  Iti  Figure  1  this  would  change  the  height  of  the  spherical  segment  from 
R/  i  to  0. 439R. 


Figure  7a. 


USN  Parachute  Test  Jumper  Landing  With  29.  6  ft 
D0  Skysail  Model  D  -  El  Centro,  California  Feb.  1969 


Figure  7b.  Jumper's  View  of  Skysail  Canopy 


d)  Calculated  porosity  based  on  photo  measurements 

Geometric  10.9%  Total  14.2%. 

e)  Effective  suspension  line  length  0.91  D0. 

A  U.  S.  patent  was  applied  for  15  May  1956  and  Patent  No.  2,  929,  588  was 
issued  22  March  I960.  In  June  1956,  at  the  same  time  the  Skysail  design 
was  frozen,  the  method  of  computing  Ringsail  gore  coordinates  and  sail 
widths  was  standardized  in  the  non-dimensional  form  illustrated  in  Figure  8. 
The  difference  in  sail  fullness  between  the  standard  Ringsail  and  Skysail 
Model  D  in  the  perpheral  region  is  indicated.  The  chord  ratio  (C/C)  was 
based  on  the  width,  C1,  of  a  flat  triangular  gore  because  it  could  be 
calculated  easily  at  any  radial  height,  h,  as 

C  =  2h  tan  (360°/2N). 

for  a  canopy  embodying  N  gores  of  height,  h^,  from  center  line  vent  to  skirt. 
In  practice,  the  h  dimensions  used  corresponded  to  the  upper  and  lower  edges 
of  both  slots  and  sails,  and  the  values  of  h/hj^  were  calculated.  Then,  at 
each  value  of  h/h^  the  curves  were  read  to  obtain  C^/C'  and  Cg/C'  from 
which  the  lengths  of  the  upper  and  lower  edges  were  calculated.  It  will 
be  seen  that  the  spherical  profile  is  controlled  accurately  in  the  peripheral 
region  of  the  canopy  below  h/hR  =  0.65  by  the  upper  edges  of  the  3ails. 

Above  this  point  the  introduction  of  fullness  >n  both  upper  and  lower  sail 
edges  for  stress  relief  modifies  the  shape  slightly.  The  resulting  sail 
layout  for  one  gore  is  illustrated  schematically  in  Figure  9. 

This  is  the  method  of  gore  coordinate  and  sail- width  calculation  that.was 
used  for  all  Ringsail  parachutes  designed  prior  to  September  1965, 
including  the  Apollo  main  parachutes.  Although  a  few  modifications  were 
tested  experimentally  during  the  Apollo  ELS  development  program, -none 
proved  acceptable.  These  are  described  in  Section  2.  1. 4. 

2.1.3  Evolution  of  Canopy  Shape  and  Construction 

During  the  early  aerodynamic  development  of  the  Ringsail  a  number  of 
innovations  in  the  methods  of  parachute  construction  and  assembly  were 
tested.  Traditionally,  Ringslot  para.chutes  were  assembled  sail  by  sail 
to  form  rings  and  then  the  cloth  rings  were  joined  with  radial  tapes. 

This  appeared  to  be  an  inconvenient  procedure  for  shops  geared  to  the 
gore  by  gore  assembly  sequence  of  solid  cloth  and  ribbon  canopies. 

Since  Ringsail  No,  1  had  no  open  slots  other  than  the  crescent  shaped 
openings  developed  in  the  inflated  surface  between  contiguous  sails,  it 
appeared  feasible  to  sub-aasemble  the  gores  by  shingle-lapping  and 
basting  as  shown  in  Figure  10.  First,  the  edges  of  the  individual  sails 
were  hemmed  or  taped  to  augment  tear  resistance  in  the  areas  of  greatest 


Intercostal  Tape  On  Sail 
Upper  Edges  As  Required 


Selvedges  or 
Hemmed  Edges 
As  Required 


Figure  10.  Lapped -Sail  Gore  Assembly  Method  of 
64. 7  ft  D0  Ringsail  No.  1 


stress.  (Cloth  selvedges  were  generally  strong  enough  only  in  the  periph¬ 
eral  region  of  the  canopy  where  bulging  of  the  sails  between  radials  was 
pronounced. )  Second,  the  sails  were  basted  together  into  gore  subassem¬ 
blies.  Third,  the  gorec  were  joined  in  the  conventional  manner  with  one-inch 
fell  seams  stitched  on  a  four-needle  sewing  machine.  The  final  parachute 
assembly  operations  also  were  conventional,  including  the  running  of  sus¬ 
pension  lines  over  the  entire  canopy  through  the  center  channels  of  the  radial 
seams. 

This  assembly  method  worked  reasonably  well  as  long  as  the  intercostal 
tapes  on  the  sails  were  light  and  thin.  However,  the  tape  joints  in  the  radial 
seams  wore  strong  enough  to  develop  substantial  hoop  strength  which  created 
the  general  misapprehension  that  the  tapes  could  also  function  effectively  as 
reinforcing  bands.  During  the  test  program  when  the  63  ft  D0  Ring  sail  ex¬ 
perienced  opening  shock  damage  in  the  crown,  heavier  intercostal  tapes  were 
placed  on  the  sail  edges  in  lieu  of  reinforcing  bands.  The  multiplied  thick¬ 
ness  of  these  tape  ends  in  the  fell  seam  made  it  difficult  to  pass  the  material 
through  the  sewing  maching,  and  the  usual  seam  forming  guides  could  not  be 
used. 

Since  the  lapped-sail  gore  construction  was  not  amenable  to  the  introduction 
of  adequate  geometric  porosity  in  the  crown  of  the  canopy,  as  well  as  being 
structurally  inefficient  and  difficult  to  assemble,  a  better  assembly  method 
was  sought  for  the  Skysail  parachute.  The  drive  for  minimum  weight  and 
bulk  motivated  the  design  of  a  narrow  (1/2  inch)  radial  seam  to  reduce  seam 
allowances,  while  the  need  for  tape  reinforced  radial  seams  to  overcome  the 
shortcomings  of  the  line -in -channel  construction  produced  the  construction 
methods  illustrated  in  Figure  11,  These  methods  have  been  standard  for  all 
Ringsail  parachutes  produced  to  date  with  minor  exceptions,  e.g.,  the  radial 
seams  of  a  few  early  lightweight  models  were  stitched  with  two-needle  ma¬ 
chines  instead  of  three,  vertical  tapes  were  introduced  in  1962,  and  tapered 
line  joints  a  year  later.  The  subassembly  of  sails  and  radial  tapes  came 
from  traditional  ribbon  canopy  assembly  methods,  but  the  rolling  of  the  one- 
inch  radial  tapes  to  one  half  width  in  the  fell  seams  was  novel;  it  reduced  the 
variations  in  gore  width  caused  hv  under  and  overriding  to  a  negligible 
factor.  This  was  important  to  the  basic  Ringsail  principle  inherent  in  the 
fullness  distribution  of  the  individual  sails  between  radials. 

The  fell-folded  radial  tapes  have  other  advantages.  The  lower  ends  extended 
below  the  skirt  provide  a  convenient  means  of  forming  an  efficient  tapered 
splice  for  the  suspension  lines,  thus  eliminating  the  need  for  additional  re¬ 
inforcements  such  as  the  ''butterfly"  tab  commonly  used.  Also,  a  recent 
experiment  by  NASA  with  a  modified  Ringsail  assembled  ring  by  ring  with 
single  lapped  seams  reinforced  with  radial  tapes  revealed  indirectly  another 
structural  advantage.  In  this  modified  parachute  the  tear  resistance  of  the 
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sail  edges  was  so  poor  it  became  necessary  to  add  hundreds  of  short  rein¬ 
forcing  tapes  to  the  edges  across  each  radial  seam.  A  plausible  explanation 
is  that  the  narrow  reinforcing  tapes,  being  at  least  four  times  thicker  and 
much  stiffer  than  in  the  standard  Ring  sail  construction,  provided  a  stress 
concentrating  mechanism  that  degraded  the  tear  strength  of  the  sails  along 
the  radial  seams. 

It  is  important  to  emphasize  that  the  intercostal  tapes  on  sail  edges  joined 
end  to  end  in  the  fell  seam  provide  an  effective  means  of  augmenting  the 
tear  resistance  of  cloth  selvedges  and  as  such  need  not  be  very  heavy; 

70  to  90  lb  5/8  inch  tapes  attached  with  two  rows  of  "B"  or  "E"  nylon 
thread  have  been  adequate.  However,  the  misapprehension  that  these  tapes 
should  also  carry  hoop  stresses  persisted  well  into  the  1960's,  so  most 
of  the  Ringsail  parachutes  built  prior  to  1965  have  excessively  heavy  inter¬ 
costal  tapes  in  the  crown  area,  i.  e. ,  heavy  relative  to  the  strength  of  the 
end-to-end  joints  in  the  radial  seams.  In  some  cases,  such  tapes  were 
replaced  with  continuous  reinforcing  bands  where  excessive  hoop  loads 
were  encountered. 

Ringsail  parachute  construction  also  borrowed  from  early  Ringslot  develop¬ 
ments  which  produced  cloth  woven  to  a  desired  sail  width  with  special 
reinforced  selvedges.  Some  "doupe"  selvedge  cloth  was  available  but 
Skysail  requirements  motivated  the  design  of  new  weaves  with  triple- strength 
selvedges,  whence  the  term  "trip"  selvedge  cloth.  With  trip- selvedges, 
one  half  inch  along  each  edge  of  the  cloth  is  reinforced  with  additional 
warp  yarnB  to  a  strength  three  times  greater  than  that  of  the  basic  cloth. 
Woven  widths  of  18,  24,  36,  and  42  inches  in  nylon  cloths  weighing 
1.1,  1.6,  and  2,  25  oa/yd^  were  used.  The  trip-selvedges,  of  course, 
substantially  reduce  the  need  for  additional  reinforcements  on  the  sail  edges. 

The  Bureau  of  Aeronautics,  in  1960,  aftor  supporting  the  development  and 
qualification  of  Skysail  Model  D  as  n  minimum  bulk  parachute  for  high  speed 
bailout  emergencies,  decided  to  incorporate  it  in  the  Martin  Baker  ejection 
seat  system  then  being  adapted  for  use  in  ail  single  place  Naval  aircraft. 
Although  this  parachute  opened  fast  enough  to  pass  the  Navy's  low  altitude 
qualification  requirements  at  normal  flight  speeds  {200  ft  at  100  Kts  and  500 
ft  with  pre -twisted  lines),  it  could  not  puss  the  *'off-the-deck'*  ejection  seat 
test  in  the  Martin  baker  system  with  tandem  pilot  chutes  and  peak  altitudes 
of  only  70  to  120  ft.  Therefore,  Skysail  Model  E  with  D0  &  29.  7  ft  was 
designed  as  a  minimal  modification  of  Model  D. 

At  that  time  the  effectiveness  of  vertical  tapes  across  the  crown  ring  slots 
in  promoting  positive  and  repeatable  opening  of  the  Ringsail  was  unknown 
and,  as  noted  earlier,  pocket  bands  were  believed  to  be  of  small  value, 
having  had  no  measurable  effect  on  Model  15.  Thus,  relative  to  Model  D, 
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Sky  sail  Model  £  was  made  with  seven  rings  of  24  inch  sails  in  place  of  9 
rings  at  18  inches,  a  flared- skirt  ring  with  5%  leading  edge  fullness  in 
place  of  the  54  degree  spherical  skirt  ring,  and  a  total  porosity  of  approx¬ 
imately  11.5%  in  place  of  14.  2%. 

Although  Skysail  Model  E  passed  the  off-the-deck  ejection  tests  and  was 
retrofitted  in  all  of  the  Navy's  Martin  Baker  seat  system,  it  constituted  a 
step  backward  in  Ringsail  development  because  its  performance  was  not 
outstanding  when  compared  to  that  of  the  standard  flat  service  parachute 
it  replaced.  In  qualitative  terms,  although  its  stability  was  significantly 
better,  its  opening  shock  was  only  marginally  lower  and  its  drag  coefficient 
was  less  (Cqo  =  0.  7  vs  0,  76). 

This  bit  of  Ringsail  history  is  noteworthy  because  a  few  years  later  (1962) 
Skysail  Model  D  was  adapted  for  recovery  of  the  ASSET  lifting  body  entry 
vehicle  through  the  addition  of  two  reefed  stages.  When  it  was  observed 
that  canopy  filling  during  the  first  reefed  stage  was  slow  and  erratic,  the 
deficiency  was  corrected  by  placing  a  single  vertical  tape  on  the  center  line 
of  each  gore  across  the  ring  slots  in  the  crown.  The  tapes  prevented  the 
slots  from  opening  widely  during  the  initial  phase  of  filling  when  the  crown 
of  the  canopy  was  slack,  thereby  eliminating  random  delays  and  greatly 
improving  the  repeatability  of  the  filling  time.  Had  this  same  innovation 
been  introduced  in  I960,  the  Skysail  Model  D  may  have  passed  the  Martin 
Baker  ejection  seat  off-the-deck  tests  and  the  regression  to  Model  E  avoided. 

After  Skysail  Model  XB-2,  pocket  bands  were  not  again  tested  on  the  Ring¬ 
sail  parachute  until  the  Apollo  wind  tunnel  program  of  February  1963  (Ref¬ 
erence  15).  The  wind  tunnel  models  also  had  vertical  tapes  across  the  crown 
slots,  Although  the  two  devices  have  similar  effects,  they  are  not  mutually 
exclusive  and  their  use  together  can  be  justified  on  theoretical  grounds  in 
any  Ringsail  application  for  which  total  opening  time  is  critical.  Pocket 
bands,  by  limiting  the  extent  to  which  the  skirt  sails  can  blow  inward  when 
they  first  meet  the  airstream,  promote  the  early  admission  of  air  through 
the  v.touth.  Taped  crown  slots,  as  noted,  prevent  excessive  outflow  from  the 
first  mass  of  ingested  air  to  flow  the  length  of  the  canopy.  The  net  result  is 
a  considerable  reduction  in  random  delays  in  getting  effective  filling  started, 
and  the  total  filling  time  is  made  more  repeatable  about  its  minimum  value 
for  any  given  set  of  operational  conditions. 

In  September,  1965,  the  method  of  calculating  the  basic  dimensions,  gore 
coordinates,  and  sail  pattern  dimensions  of  the  Ringsail  parachute  was 
revised.  The  purposes  of  the  revision  were; 

a)  To  standardise  the  Ringsail  design  in  an  advanced  form 

b)  To  simplify  the  computational  procedure  and  improve  the  ac¬ 
curacy  of  determining  gore  coordinates  and  sail  pattern 
dimensions 


c)  To  minimize  the  possibility  of  producing  new  Ringsail 
parachutes  having  subnormal  characteristics  such  as  a 
slack,  infolded  canopy  when  fully  inflated  (84  ft  D0  Gemini) 
or  excessive  stress  concentrations  during  opening  (127  ft  D0 
bi -coni  cal). 

The  new  basic  dimensions  scheme  summarized  in  Figure  12  is  the  product 
of  a  number  of  different  developments  generated  by  the  Gemini,  Apollo, 
and  Century  programs.  The  84.  2  ft  DQ  Gemini  Ringsail  was  designed  in 
1959  as  a  backup  recovery  parachute  on  the  Q-4B  drone  program.  A  few 
years  later  exigencies  of  the  Gemini  Paraglider  development  program  led  to 
its  adoption  as  a  backup  for  and  ultimate  use  as  the  Gemini  primary  landing 
system  (Figure  13).  As  noted,  the  fully  inflated  canopy  was  slack  and  exhibited 
an  infolding  tendency  that  was  never  fully  corrected,  although  a  number  of 
"tight"  peripheral  bands  were  added  to  the  canopy  for  this  purpose.  The 
deficiency  was  traced  to  a  slide-rule,  error  in  computation  of  the  gore 
coordinates  which  increased  the  average  sail  fullness  from  4.42  to  4.71% 
of  the  gore  width,  i.  e. ,  an  actual  increase  of  6. 1%  in  the  cloth  perimeter. 

Since  the  width  of  one  gore  in  a  72  gore  canopy  is  only  l ,  39%  of  the 
perimeter,  it  is  not  surprising  that  several  gores  tended  to  fold  inward  in 
the  fully  inflated  canopy.  In  other  respects  the  basic  dimension  scheme 
of  this  Ringsail  was  identical  to  that  of  the  Mercury  63. 1  ft  D0  canopy  and 
also  of  the  88.1ft  D0  canopy  from  which  the  Apollo  main  parachute  was 
derived.  Neither  of  these  exhibited  the  infolding  tendency,  but  the  latter 
was  slack  enough  to  have  some  difficulty  in  maintaining  a  polysymmetric 
shape  in  a  three-canopy  duster  (Figure  14). 

Early  in  the  development  program  tor  the  Apollo  Earth  Landing  System,  it 
was  found  that  the  drag  of  the  M,  1  ft  S)0  Ringsail  in  clusters  of  two  and 
three  canopies  was  considerably  greater  than  the  design  requirement  at 
that  time.  The  chronic  need  to  reduce  parachute  weight  and  bulk  motivated 
removal  of  four  gores  from  the  canopy  rather  than  design  a  completely 
hew  one.  Of  course.  Si  was  known  from  previous  experience  that  thit 
change  would  also  correct  the  slackness  of  the  iully  inflated  canopy.  The 
result  of  the  modification  was  an  85,  <b  it  0O  canopy  with  68  gores  and 
a  conical  apex  of  19  degrees  (measured  below  the  horizontal).  The  shape 
of  the  constructed  profile  of 'the  canopy  was  described  as  a  "truncated 
ogive"  having  a  bate  angle  of  57  degrees.  (See  Figure  15b). 

In  May  1963,  the  first  of  two  ’  Century"  Ringsail  programs  was  initiated 
with  the  design  of  an  expeiimema  1  model  having  a  nominal  diameter  of 
124.  $  feet.  The  design  logic  employed  was  necessarily  conservative 
(for  want  of  any  previous  experience  with  Ringtails  larger  than  88. 1  ft  Dfc) 
and  is  described  in  Appendix  A  of  Reference  5.  Quoting  from  Use  design 
notea  relating  to  the  canopy  shape: 


Canopy  Area  S0 


Figure  12.  Ringsail  Parachute  Basie  Dissensions 
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Figure  14. 


Termination  oi  "Little  Joe"  Test  Simulating  Apollo 
Off -Pa-  Abort  with  88. 1  It  »c  Rings  ail  Parachutes 
in  First  Experimental  Earth  Landing  System 
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"A  taut  canopy  minimizes  the  infolding  tendency  and  can  be 
obtained  readily  by  modifying  the  spherical  profile  to  that  of 
a  truncated  ogive.  This  is  accomplished  by  removing  gores 
from  an  otherwise  full  canopy.  In  this  instance  the  desired 
result  was  obtained  by  designing  an  oversized  canopy  with 
ll6  gores  andutilizing  112  gores  in  the  final  assembly.  This 
had  the  effect  of  reducing  the  circumferential  fullness  of  the 
spherical  canopy  by  3.  4  percent.  " 

The  expedient  described  produced  an  ogival  profile  with  an  apex  angle  of 
15°  and  a  base  angle  of  55°.  (Figure  15c).  Because  the  performance 
of  the  new  Ringsail  throughout  a  series  of  five  aerial  drop  tests  with 
a  gross  weight  of  9650  lbs  was  unusually  good  in  all  categories,  the 
decision  wras  made  to  use  the  design  as  a  basis  for  the  design  of  all  new 
Ringsail  parachutes  (see  Figure  16). 

To  quote  Reference  6:  "Analysis  of  the  canopy  shape  of  the  124.5  ft  Ringsail 
produced  the  gore  coordinate  formula  given  in  Figure  (12)  for  the  revised 
basic  dimension  scheme.  In  the  interest  of  further  design  simplification, 
the  distribution  of  circumferential  fullness  was  simplified  by  a  conservative 
revision  of  that  found  in  the  124.  5  ft  model.  This  introduced  0. 5  to  3.  0 
percent  (points)  more  fullness  in  the  crown  area  for  further  stress  relief 
and  reduced  the  graduated  differential  fullness  of  the  major  (ringsail) 
area  from  an  average  of  9.  83%  to  a  flat  8.  0  percent.  The  latter  is  expected 
to  slightly  reduce  the  strong  expansion  tendency  of  the  skirt  on  disreefing 
by  reducing  the  average  angle  of  attack  of  the  sails,  but  the  performance 
of  an  87  ft  model  with  5-6%  differential  fullness  (see  Table  II  and  Figure  94 
(Appendix  A))  gives  assurance  that  the  effect  will  be  virtually  undetectable  by 
present  methods.  "  It  will  be  noted  that  this  redistribution  of  differential 
fullness  also  slightly  reduces  the  area  of  the  crescent  slots  near  the  skirt  and 
increases  it  in  the  mid-gore  region,  but  this  is  another  second-order  effect. 
The  mos;  significant  aspect  cf  the  change  is  the  reduction  in  average  overall 
sail  fullness  from  4.  91  to  4.  0  percent  of  the  gore  width  or  a  net  reduction  of 
18.  6  percent  in  the  cloth  perimeter  near  the  major  inflated  diameter.  Although 
the  relative  magnitude  of  the  change  is  large,  its  effect  is  slight,  the 
increase  in  peripheral  tautness  merely  reducing  the  amount  the  sails  bulge 
outward  between  radials.  This  further  augmentation  of  the  aeroelastic 
forces  maintaining  the  canopy's  poly  symmetric  shape,  reflects  continued 
concern  for  avoidance  of  canopy  slackness  and  infolding,  particularly  in 
very  large  Ringsails. 

The  effective  suspension  line  length  of  1.  15  D0  given  in  Figure  12  is  opti¬ 
mum  for  large  lightweight  Ringsails,  yielding,  as  shown  by  analysis  in 
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Reference  5,  a  parachute  of  minimum  weight  Wj,,-  or  maximum  specific  drag 
area  (C^So/Wp)*.  The  seam  allowance  given  for  sail  pattern  layout  is  that 
required  to  form  the  typical  0.  5  inch  with  fell  seam  shown  in  Figure  1 1  using 
two  1.0  to  1.  06  inch  wide  radial  tapes  folded  together,  '  , 

The  second  Century  Ringsail  program  was  initiated  in  September  1964  with 
the  design  of  a  1  27  ft  D0  canopy  having  the  bi-conical  profile  illustrated  in 
Figure  1  5d.  This  departure  from  the  proven  design  of  the  124.  5  foot  model 
was  precipitated  by  two  ideas:  : 

a)  It  had  been  demonstrated  that  a  solid  cloth  conical  parachute  had 
a  higher  drag  efficiency  than  the  solid  :flat  parachute,  Conse¬ 
quently  a  conical  Ringsail  would  have  a  higher  draj*  efficiency 
than  the  original  Ringsail.  - 

b)  The  unsymmetrical  infolded  shape  of  the  reefed  124.  5  ft 
Ringsail  (Figure  17)  was  undesirable  and  could  be  corrected 
by  changing  the  canopy  shape.  1 

i 

The  mechanical  difference  between  a  solid  cloth  canopy  of  45  degrees  bias 
construction  and  an  annulate  canopy  with  cloth  warp  horizontal  is  sufficiently 
marked  to  warrant  little  elaboration.  In  a  conical  canopy,  the  bias-cut  cloth 
stretches  freely  at  near-zero  stress  to  assume  an  ellipsoidal/ inflated  shape, 
and,  having  less  redundant  material  than  the  flat 'canopy  the  conical  canopy 
can  develop  a  higher  drag  coefficient.  The  conical  annulate  canopy  on  the 
other  hand  tends  to  hold  the  conical  shape  and  the, strain  resulting  from 
inflation  to  a  rounded,  or  even  ogival,  ghape  is  attended  by!hoop  stresses  1 
which  reach  a  maximum  in  the  mid-radius  region.  ,  In  short,  the  ogival  con¬ 
structed  prefile  of  the  Apollo  85.  6  ft  D0  canopy  with  19  degree  apex  is  about 
as  close  to  a  conical  shape  as  appears  structurally  safe  for  any  annulate 
canopy  of  lightweight  construction.  All  conical  ribbon  and  Ringslot  canopies, 
for  example,  are  either  of  uniformly  heavy  construction  or  icarry  added  Rein¬ 
forcing  bands  in  the  crown  and  mid-radius  regions.  Therefore,  neither  the 
drag  coefficient  nor  the  specific  drag  area  of  a  straight  conical  Ringsail 
could  be  expected  to  be  higher  than  for  the  proven  design.'  i 

As  to  the  unsymmetrical  reefed  shape  of  the  124,  5  ft  model,  it  was  argued 
that  this  could  be  a  source  of  non-uniform  loading  of  the  parachute  structure 
during  opening  and  might  lead  to  early  failures  thereby  preventing  attain¬ 
ment  of  the  very  lightweight  parachute  sought,  Ih  general,  reefed  canopies 
are  not  noted  for  their  symmetry  and  all  Ringsail  parachutes  have  exhibited 

.  •  i 


*  The  design  drag  coefficient  of  Cq  =  0.  81  proved  to  be  a  minimum  value 
(see  Section  3. 1. 1),  1 
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Canopy  Configuration  0.2  Seconds  After  the  Reefed  Load  Peak 
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Figure  17.  Two  Stages  During,  Ret  fed  Operation  of  124,  3  Ft  D0  , 
Ringsail  Showing  Typical  Irregular  Shape 
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this  characteristic.  However,  there  is  no  test  evidence  that  under  near- 
ultimate  loading  conditions  the  irregular  shape  of  the  reefed  canopy  was  the 
source  of  a  critical  stress  level.  Indeed,  critical  loading  conditions  of  the 
Ringsail  causing  extensive  damage  are  generally  encountered  after  dis- 
reefing  as  the  canopy  approaches  full  inflation.  At  this  time,  because  infold¬ 
ing  relaxes  the  load  in  the  several  gores  and  lines  affected,  the  average  load 
in  the  balance  of  the  canopy  would  be  increased  possibly  as  much  as  10  per¬ 
cent,  However,  use  of  the  ogival  shape  had  already  been  shown  to  correct 
this  condition  in  the  fully  inflated  canopy  and  the  adoption  of  a  straight  coni¬ 
cal  profile  did  not  appear  to  be  warranted.  Actually,  no  method  of  improving 
the  symmetry  of  a  reefed  canopy  was  known  at  that  time,  the  efficacy  of  the 
conical  shape  being  pure  conjecture. 

The  30/60  biconical  profile  illustrated  in  Figure  1  5d  represents  the  compro¬ 
mise  made  with  conflicting  requirements  for  the  design  of  a  highly  efficient 
lightweight  Ringsail  of  127  ft  D0.  The  profile  rs  a  straight-line  approxima¬ 
tion  of  the  desired  ogival  profile  over  the  major  canopy  area  based  on  the 
assumption  that  the  sharply  conical  apex  could  be  coped  with  by  reinforce¬ 
ment  of  the  normally  heavy  crown  rings  at  small  weight  cost.  Since,  one 
design  goal  of  the  new  program  was  to  simplify  the  method  of  computing 
Ringsail  gore  coordinates,  a  tri-conical  design  canopy  with  a  15*  crown,  30® 
midrif,  and  60’skirt  was  never  pursued. 

The  fullness  distribution  of  the  bi-conical  Ringsail  canopy  illustrated  in 
Figure  18  represents  an  attempt  to  reconcile  two  conflicting  requirements 
in  an  optional  fashion  for  a  lightweight  parachute.  These  two  requirements 
are: 

a)  Introducing  sufficient  fullness  in  the  leading  edge  of  the 
sails  to  provide  necessary  stress  relief 

b)  Maintaining  canopy  shape  with  the  trailing  edge 

It  is  clear  that  the  bias  cut  solid  cloth  conical  canopy  does  not  hold  the  coni¬ 
cal  shape  as  it  Inflates  and  it  obtains  stress  relief  from  the  great  bi-axial 
elongation  inherent  in  the  cloth  weave.  To  approximate  this  action  in  the 
annulate  canopy  it  is  necessary  to  make  the  gore  wider  in  the  critical  stress 
region  with  the  result  that  the  conical  profile  becomes  onion-shaped,  which 
is  even  more  complex  than  the  tri-conical. 

Aerial  drop  testing  of  the  new  127  ft  D0  bi-conical  Ringsail  was  initiated  in 
March  1  965  (Reference  8).  After  four  successive  failures  of  three  succes¬ 
sively  heavier  modifications  at  low  load  levels,  the  parachute  design  was 
discarded  as  essentially  unworkable.  In  each  case  the  canopy  split  along  a 
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Fullness  Distribution  of  127  ft  D0  Bi-Conical  Ringsail  Canopy 
Relative  to  Calculated  Width  of  Conical  Gore 


gore  after  disreefing,  the  rupture  starting  in  ring  #6  in  test  No.  1,  in  ring 
#5  in  tests  No.  2  &  3  and  in  ring  #7  in  test  No.  5.  (The  catastrophic  failure 
of  test  No.  4  triggered  by  a  faulty  pilot  chute  link  is  not  pertinent.)  A  com¬ 
parison  of  the  30  degree  conical  shape  with  the  inflated  profile  of  the  canopy 
at  the  time  of  failure  showed  rings  5  through  7  to  be  in  a  region  of  maximum 
strain;  hence,  prohibitively  heavy  cloth  and/or  reinforcing  bands  would  be 
required  to  prevent  rupture. 

The  128.  8  ft  DQ  Century  Ring  sail  (designed  in  March  1966)  was  the  first 
Ringsail  parachute  to  be  designed  in  accordance  with  the  new  basic  dimen¬ 
sion  scheme  of  Figure  12  utilizing  at  the  same  time  the  new  IBM  7090  digital 
computer  program  designated  WG  176  (see  Section  5.4). 

The  results  of  three  aerial  drop  tests  of  this  "all  new"  Ringsail,  one  a 
cluster  of  two  canopies  with  a  weight  of  17,  720  pounds,  were  sufficiently 
impressive  aerodynamically  to  justify  unqualified  acceptance  of  the  revised 
design.  For  example,  the  single  parachute  performance  included  Cq  = 

.  87  -.  90  at  a  rate  of  descent  of  27  fps,  average  amplitude  of  pendular  oscil¬ 
lations  +  7  degrees  and  a  specific  drag  area  of  CqSq/Wp  =  51  ft2/ lb.  Although 
the  two  canopies  of  the  cluster  exhibited  the  characteristic  divergence  of 
inflation  observed  in  the  88.  1  ft  DQ  Ringsail  clusters  during  the  Apollo  pro¬ 
gram,  the  ratio  of  maximum  to  average  forces  for  this  one  test  was  about 
half  that  of  the  maxima  recorded  previously.  Figure  19  is  the  only  good 
photograph  obtained  from  the  two  single  canopy  tests. 

Z.  1.4  Ringsail  Parachute  Cluster  Development 

Ringsail  cluster  development  embraces  the  Apollo  Earth  Landing  System 
(ELS).  Perhaps  if  a  new  program  were  to  begin  wherein  suitable  time  and 
money  was  available,  a  Ringsail  cluster  possessing  characteristics  other 
than  those  of  Apollo  would  emerge.  However,  due  to  schedule  pressures 
which  accompany  development  programs  of  the  magnitude  of  Apollo,  and 
lack  of  any  experience  in  clustering  Ringsail  parachutes,  a  sequential  order 
of  events  led  to  the  development  of  the  modified  Ringsail  used  on  Apollo. 

The  design,  in  its  present  form,  is  a  composite  of  changes  which  were 
necessitated  during  the  development  to  solve  the  clustering  problem.  What¬ 
ever  improvements  might  be  conceived  in  retrospect,  the  Apollo  Ringsail 
cluster  performs  exceedingly  well  and  has  safely  and  reliabily  returned  all 
of  this  nations  astronauts  from  space.  The  following  paragraphs  recapit¬ 
ulate  the  development  of  the  Apollo  modified  Ringsail  and,  so  far  as  practical, 
gives  the  reasons  and  rational  behind  the  decisions  that  were  made. 

The  proposed  Apollo  Earth  Landing  System  (ELS)  was  to  have  as  its  prin¬ 
cipal  components  a  cluster  of  three  identical  parachutes.  Each  of  these  was 
to  be  deployed  independently  of  the  others  so  that  a  system  redundancy  of 
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Figure  19,  128.  8  ft  D0  Lightweight  Version  of  the  Century  Ringtail 

Descending  at  27.9  fps  (LAS)  with  9762  Pounds  (Bottom  of 
Damaged  Gore  Visible  on  RH  Side) 


50  percent  could  be  provided  by  designing  for  safe  recovery  with  any  two  of 
the  three  parachutes  operable.  At  the  outset  of  the  development  program 
the  design  descent  weight  of  the  command  module  (CM)  including  parachutes 
was  9500  lbs  and  the  rate  of  descent  with  two  main  canopies  was  not  to 
exceed  33  fps  at  5000  ft  msl.  With  allowance  for  an  observed  6  percent 
scatter  in  measured  rates  of  descent,  a  design  value  of  31  fps  at  5000  ft 
was  used.  The  corresponding  EAS  was  28.  8  fps  under  standard  sea  level 
conditions  with  an  equilibrium  dynamic  pressure  close  to  0.  99  psf.  The 
latter  numbers  are  significant  because  they  show  the  unit  canopy  loading  of 
the  cluster  (W/CqS)  to  be  high  relative  to  that  of  previous  large  parachute 
cluster  experience.  One  of  the  consequences  is  that  the  peak  opening  load 
after  disreefing  occurs  much  later  in  the  filling  process  as  the  canopy  is 
approaching  full  inflation,  even  in  the  ideal  case  of  perfectly  synchronous 
inflation. 

Prior  to  the  Apollo  ELS  development  program  experience  with  the  Ringsail 
parachute  in  clusters  was  too  limited  to  be  represented  by  either  useful  test 
data  or  definition  of  the  problems.  In  April  1963  the  design  of  the  original 
88. 1  ft  D0  Apollo  main  parachute  for  use  in  clusters  of  two  and  three  was 
carried  out  with  no  clear  understanding  of  the  magnitude  of  the  operational 
problem  faced.  The  need  for  a  conservative  approach  to  the  structural 
design  was  indicated  by  Reference  10  in  which  the  opening  force  data  for 
clusters  of  three  100  ft  D0  solid  cloth  canopies^  exhibited  the  load  sharing 
characteristics  given  in  Table  L 

These  clusters  were  deployed  from  a  common  rigid  container,  housing  three 
deployment  bags,  by  a  single  12  ft  extraction  chute.  As  shown  in  Table  I, 
the  measured  maximum  opening  forces  compared  to  the  estimated  syn¬ 
chronous  opening  load  varied  from  nearly  equal  to  +  16%,  reefed,  and  from 
^■1  7%  to  *108%  on  disreefing.  This  dramatic  demonstration  of  the  magnitude 
of  the  cluster  nonsynchronous  inflation  problem  was  not  fully  appreciated 
at  the  time,  and  the  Apollo  ELS  parachute  development  program  was  initi¬ 
ated  in  July  1962  with  aerial  drop  tests  of  very  lightweight  single  canopies. 
These  early  tests  were  exploratory  in  character  and  had  as  their  objectives; 
(1)  evaluation  of  reefing  parameters  and  opening  load  factors  for  the  nominal 
design  conditions,  and  (2)  to  produce  the  lightest  possible  parachute  struc¬ 
ture.  Some  of  the  experimental  lightweight  models  were  so  extensively 
damaged  by  opening  loads  that  they  could  not  inflate:  however,  it  was  noted 
that  if  the  skirt  band  was  not  broken,  the  canopy  would  inflate  despite  split 
gores  and  massive  crown  damage. 


*  Several  different  canopy  shapes  were  used:  flat.  27*  conical,  and  tri- 
conical  (18* -30*  -67.  5'). 
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load  for  each  of  three  canopies  inflating  synchronously.  This 
assumption  was  found  to  be  a  reasonable  approximation  by 
application  of  the  load  prediction  method  for  the  Apollo  cluster 


Thus,  at  the  conclusion  of  the  first  series  of  single  parachute  tests  with 
one  stage  of  reefing,  structural  integrity  of  the  lightweight  88.  1  ft  D0 
Ringsail  had  been  demonstrated  for  maximum  opening  loads  of  17,  300  lbs 
reefed  and  19,  000  lbs  on  disreefing;  these  were  about  equal  to  the  probable 
synchronous  opening  loads  of  a  two -canopy  cluster. 

In  anticipation  of  cluster  rigging  requirements,  the  88. 1  ft  D0  Ringsail  had 
been  designed  with  an  effective  suspension  line  length  of  1.40  D0.  This 
was  done  to  increase  the  drag  efficiency  of  the  cluster  relative  to  the  con¬ 
ventional  approach  using  1 . 0  D0  lines  along  with  long  risers  to  obtain 
effective  canopy  separation  at  a  moderate  angle  of  attack.  It  will  be 
recognized  that  the  general  configuration  of  a  two- canopy  cluster  can  be 
made  similar  to  an  equivalent  single  parachute  of  area  2  SQ,  having  an 
effective  line  length  equal  to  its  nominal  diameter,  by  providing  a  combined 
length  of  lines  and  risers  equal  to  JT D0  on  each  of  the  two  canopies. 

The  first  three-canopy  cluster  test  was  performed  in  December  1962,  The 
failure  of  one  canopy  to  inflate  caused  by  a  fouled  reefing  line  did  not 
signal  the  existence  of  a  serious  problem.  However,  the  second  cluster 
test  a  month  later  with  two  canopies  was  characterized  by  "some  blanketing" 
in  which  the  leading  canopy  was  subjected  to  a  maximum  load  of  29,370  lbs 
on  disreefing  with  a  total  cluster  load  of  31, 500  lbs.  Now,  the  worst  aspects 
of  the  cluster  operational  problem  had  been  demonstrated:  nonsynchronous 
inflation  tended  to  degrade  system  reliability  and  substantially  segmented 
the  peak  loads  to  which  each  member  of  the  cluster  might  be  subjected. 

One  initial  reaction  to  this,  which  overlooked  the  evidence  of  Reference  10, 
was  to  ascribe  the  source  of  the  trouble  to  the  unique  inflation  character¬ 
istics  of  the  Ringsail  itself:  the  large  bulbous  development  at  the  end  of 
the  reefed  interval  caused  by  filling  through  the  side  slots  (as  well  a*  the 
canopy  mouth)  and  the  rapid  growth  to  full  inflation  following  disreefing. 
Later,  it  was  demonstrated  that  these  characteristics  aggravated  non¬ 
synch  ronous  opening  but  did  not  cause  it.  Thus*  a  concerted  attack  on 
the  problem  that  was  launched  early  in  1963  was  mainly  concerned  with 
reducing  the  canopy  growth  during  the  reefed  interval  and  increasing  the 
filling  time  after  disreefing.  While  these  objectives  are  not  mutually 
exclusive,  some  of  the  canopy  modifications  tested  during  the  initial  phase 
of  the  investigation  attacked  one  at  the  expense  of  the  other  and  only 
succeeded  in  worsening  cluster  operation. 

The  experimental  approach  reflected  the  general  weakness  of  cluster 
operating  theory  prevailing  at  that  time.  Interference  between  canopies, 
sometimes  called  "blanketing'',  was  considered  to  be  the  prime  source  of 
the  trouble. 
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Two  other  tributary  factors  were  recognized.  (1)  non- synchronous  de¬ 
ployment  causing  the  canopies  to  arrive  at  line  stretch  and  start  filling 
s  at  different  times  and  (i)  non- synchronous  disreefing  due  to  variations  in 
reefing  line  cutter  initiation  and  timing.  *  The  former  was  of  relatively 
small  effect  and,  b^ing  difficult  to  control  with  three  independently  deployed 
parachutes,  was  neglected.  1  he  latter,  on  the'other  hand,  was  not  negli¬ 
gible  So  long  as  cutter  timing  variations  remained  a  large  fraction  of  the 
diareef  filling  time.  Hence,  considerable  thought  and  effort  was  devoted 
to  both  reduction  of  pyrotechnic  cutter  timing  tolerances  and  the  creation 
of  a  synchronous  disreefing  system.  However,  no  practical  synchronous 
disreefing  system  was  developed,  and  the  beat  that  could  be  done  with 
pyrotechnic  line  cutters  was  a  reduction  in  timing  variations  at  any  given 
temperature  from  ±10f«  to  £?%  approximately.  Therefore,  the  most 
f  Promising  course  was  to  effect  a  substantial  increase  in  the  filling  time 
of  the  parachutes  after  disreefing. 


The  experimental  test  program  was  carried  forward  in  the  wind  tunnel  as 
well  as  with  full  scale  aerial  drops  of  two-  and  three-canopy  clusters. 

Two  different  series  of  tests  were  performed  in  the  Ames  40  by  80  wind 
tunnel  at  Moffet  Field.  The  wind  tunnel  models  consisted  of  both  full  scale 
single  parachutes  reefed  and  one-half  and  one-third  scale  models.  The 
one-third  scald  models  were  allowed  to  disreef  and  inflate  fully  in  the 
tunnel,  A  one-third  scale  cluster  was  also  tested. 


Presented  in  Table  U  is  a  summary  ef  the  different  modifications  of  the 
basic  Rtngsail  design  that  were  tested  during  the  experimental  attack  on  the 
cluster  non- synchronous  opening  probfenn  Additional  variations  of  these 
modifications  apd  a  few  novel  configurations  were  tested  in  the  wind  tunnel 
as  noted  in  the  following  discussion. 


The  first  group  of  wind  tunnel  models  tested  in  February  lyfej  consisted 
°/,**T*  scale  0W  a  m,  1  ft),  twe.'Hali  scale  *  44  ft),  and  two  one- 
ll“™  a  ft)  .test  specimen*,  .-ni-fs  an  tfasortment  of  four  different 

shapeu  canopies  of  d4  to  St  (i$ef«renc«  It),  Thirteen  different  Ring- 

Mil  ts&ftgyratSosfttf  fck&siiBS'  ft  £> 

canopies.  However,  due  to  a^rtgging  error’ the  cluster  test  was  inconclusive. 


A  fairly  wel;  defined  ,c •>  S'  re l-its-,,^  wa*»  found  between  the  differences  in 
disreef  loads  of  the  leading  a»4  lagging  r,anstp«es  and  their  respective 
disreefing  times,  as  first  reported,  in  Reference  .U,  and  as  developed 
more  fully  !at«r  in  Reference 
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:  (All  new)  7Z  gore*;  1 4  rings;  conical  apex  To  substantially  increase 

15.4°;  distributed  increase  in  geometric  filling  time  (and  to  reduce 

porosity  10»?%  slackness  of  fully  inflated 

canopy) 


TABLE  II  (Continued) 


For  detailed  configuration  of  these  models,  see  the  figures  and  data  sheets 
,  resented  in  Appendix  A. 


Configurations  in  Table  II  represented  by  wind  tunnel  models  included 
P.DS-1543  and  PDS  1543-535.  All  full-scale  models  had  a  10  ft  DQ  Ringslot 
pilot  chute  attached.  The  canopy  modifications  evaluated  were  relatively 
minor.  Pocket  bands  and  skirt  stiffeners  were  added  to  promote  more 
uniform  reefed  inflation  by  reducing  random  variations  in  the  initiation  of 
effective  filling.  As  noted,  vertical  tapes  on  the  gore  centerlines  extending 
across  all  slots  to  the  skirt  were  aimed  at  reducing  aerodynamic  inter¬ 
ference  between  canopies  by  reducing  inflow  through  side  slots. 

Steady  state  airflow  studies  of  the  unmodified  parachute  reefed  in  the  range 
of  8  to  13%  DQ  (with  rings  on  radials)  produced  the  results  illustrated  in 
Figure  20  as  an  aid  to  understanding  how  clustered  canopies  might  inter¬ 
fere  with  each  other  while  reefed.  The  effect  of  the  modifications  on  the 
inflated  shape  of  the  reefed  canopy  was  evaluated  in  terms  of  maximum 
inflated  to  skirt  mouth  diameter  ratios  and  the  distance  from  the  skirt  to 
the  maximum  diameter.  The  extended  vertical  tapes  had  no  significant 
effect  on  the  inflated  shape  but  increased  from  one  to  four  the  number  of 
skirt  rings  stabilized  with  all  sails  blown  inward  between  radials  (Figure 
20b).  A  measured  reduction  in  reefed  drag  of  approximately  18  percent 
was  attributed  to  this  change  in  airflow  over  the  canopy. 

The  variation  of  reefed  drag  with  reefing  ratio  and  with  canopy  scale  was 
evaluated  for  the  unmodified  Ringsail  design.  The  results  had  no  bearing 
on  the  cluster  operational  problem  but  appeared  to  confirm  the  general 
increase  of  drag  coefficient  with  scale  observed  with  fully  inflated  Ring- 
sails  of  different  sizes  in  free  descent. 

Reefed  inflation  time  cf  the  full  scale  models  was  evaluated,  the  results 
indicating  no  significant  effect  of  the  stiffened  skirt,  early  development  .of 
a  steady  inflation  rate  with  pocket  bands,  and  slower  inflation  with  vertical 
tapes  extended  over  the  lower  slots.  Evaluation  of  the  reefed  filling  time 
in  terms  of  the  dimensionless  ratio  vtf/D0  for  the  three  canopy  sizes 
yielded  values  within  10%  of  a  constant  8.  5.  The  disreef  inflation  time  was 
evaluated  for  the  one  third  scale  Ringsail  model  and  the  other  small  para¬ 
chute  models.  Of  possible  significance  is  the  observation  that  the  Ringsail 
value  of  vtf/D0  =  1,  09  was  20%  greater  than  for  the  solid  cloth  circular 
canopy  and  40%  less  than  for  the  solid  cloth  conical  canopy. 

Steady  state  reefing  line  loads  were  also  measured,  adding  to  the  useful 
general  information  produced  by  the  wind  tunnel  program.  On  the  whole, 
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the  results  of  this  fir  st  series  of  wind  tunnel  tests  of -modified  "Ring sail 
parachutes  produced  no  conclusive  evidence  bearing  on  the  cluster  ;oper- 
ationai  problem*  It  was  observed  that  pocket  bands  "promoted  rapid  initial 
reefed  inflation"  which  could  be 'construed  to  also  promote  more  uniform 
reefed  inflation  of  clustered  canopies.  Th^  vertical  tapes  extended  to  the, 
skirt  appeared  to  have  the  desired  effect  of  reducing  inflow  through  the  . 
side  slots,  but  whether  or  not  this  would  benefit  cluster  operation  remained 
to  be  demonstrated.  Additional  wind  tunnel  testing  of  two -canopy  clusters 
of  one-third  scale  models  was  recommended  .as  an  economical  method  of 
evaluating  the.  effects  of  further  modification  of  the  Apollo  main  parachutes. 

The  second  group  of  wind  tunnel  models  tested  in  October  1963  consisted 
of  six  full  scale  and  one,  one-third  scale  test  specimens' by  means' of  which 
it  was  possible  to  evaluate  35  different  configurations,  of  which  three  full 
scale  configurations  were  duplicated  in  one-third  scale  (Reference  16). 
Configurations  in  Table li  represented  by  wind  tunnel  models  included 
PDS  1543-535  (vertical  tapes  extended  to  skirt);  PDS  1543r547  (all  of  ring 
5  removed);  PDS  3120  (increased  geometric  porosity);  PDS  1543-533 
(upper  50%  of  ring  5  removed).  Other -configurations  had  all  of  the  crown 
slots  covered  in  combination  with  25%,  50%  and  all  of  rings  4,  5,  &c  6  ,.  , 
removed  plus  provisions  for  both  radial  and  mid-gore  reefing.  Intermediate 
canopy  reefing  for  the  purpose  of  forcibly  reducing  the  diameter  of  th,e 
inflated  bulb  was  tested  in  both  full  and  one  third  scale  models  with  a 
second  reefing  line  installed  inside  ring  7.  ‘  This  proved  to  have  a  very, 
unfavorable  effect  on  the  shape  of  the  reefed 'canopy  .  /'  '  ‘ 

Most  of  the  one  third  scale  models  were  tested  with  different  reefing1  ratios! 
both  with  and  without  an  attached  pilot  chute  of  3. 4  ft  Dq.  '  Two  fall  scale 
"high"  porosity  configurations  were  tested  in  which. 1.9  inches  and  3,8 
inches  of  material  were  removed  from  the  trailing  edges  <pf,  all  ringsails 
below  the  ringslot  crown  to  increase  the  total  porosity  by  25%  and  50%  , 

respectively.  The  effect  of  these  changes  in  canopy  ventilation  on  the 
calculated  porosity  of  the  different  wind  tunnel  models  is  summarized  in 
Table  III.  For  the  most  part,  these  modifications,  were  aimed  at  reducing 
the  reefed  canopy  bulb  diameter,  but  one  full  scale  test  was  mide  with  a; 

10  ft  diameter  guide  surface  canopy  riding  inside  the  mouth  of  the  88,1  ft 
D0  Ringsail  restrained  only  by  a  long  riser.  The  reason  for  this  is 
not  now  clear  because  the  technique  was  designed  to  accelerate  the  opening 
of  the  canopy  mouth  where  a  very  short  total  filling  time  was  needed  in  a 
non-reefed  parachute,  Altogether,  159  wind  tuhnel  runs  were  made  at  low 
dynamic  pressures  ranging  from  2,5  to  20  psf.  Data  were  accumulated  on 
reefed  drag  areas,  projected  diameters,  and,  for  several  ode  third  scale 
models,  reefed  filling  times  and  the  filling  time  from  the  disreef  to  full! 
open,  The  results  indicated  that  a  wide  slot  bordering  the  ringslot  crown 
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,  TABLE  HI  '  .  » 

!  : 

POROSITY  VARIATION  OF  THE  WIND  TUNNEL  MODELS  TESTED 


Geometric  Porosity 

Model  Description  .  .  A:  T~  "  "  ■  Material 

Basic  Model  With:  <  Porosity 

1  Xs  (%)  Xs/2.12  Xc(%)  Xc/1.50  X.m(%) 

'  1.00! 


Total 

Porosity 


Xr(%)  Xt/7.  21 


100%  Row  No.  6  1  2,  1 2  !  1 . 00  '.9.48  6.32  ,  3.33,  15.11  2.10 

I  open  crown  •  _ _ _ '[  _ 

Material  removed  from  leading  edge  of  sail  row  rather  than  trailing 
edge  as  on  Row  Nos.  5  and  6.  Porosity  values 'calculated  pier 
Reference  5. 
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produced  the  greatest  reduction  in  reefed  bulb  diameter  and  that  ring  5 
was  the  best  location  for  it.  The  bulb  diameter  decreased  with  increasing 
width  of  the  slot  and  the  reefed  filling  time  decreased  at  the  same  time 
because  the  volume  to  be  filled  was  reduced.  On  the  other: hand,  the  filling 
time  after  disreefing  increased  significantly  with  increased  slot  width. 

Quantitative  evaluation  of  the  effects  the  Ringsail  modifications  had  on 
cluster  operation  was  possible  only  for  those  that  were  subjected  to  full 
scale  aerial  drop  tests  with  suitable  instrumentation.  The  following  analysis 
is  based  on  the  opening  loads  reported  in  Appendix  A  of  Reference  13.  The 
criterion  of  cluster  performance  is  the  same  as  that  applied  to  the  100  ft  D0 
solid  cloth  parachutes  in  Table  I.  However,  in  Table  IV  only  the  data  for 
tests  showing  a  maximum- ratio 'of  opening  force  to  the  average  are  given 
for  each  modification. 

It  is  clear  that  maximum  measured  values  of  F/Fav  for  most  of  the  con¬ 
figurations  tested  might  be  increased  by  performance  of  a  statistically 
adequate  number  of  tests,  but  in  some  cases  the  results  of  one  or  two  tests 
were  sufficiently  extreme  to  justify  rejection  of  the  modification.  Outstand¬ 
ing  examples  are  PDS  1544,  PDS  1650,  PDS  2071,  PDS  1543-535,  and 
PDS  1543-549.  A  reduction  in  sail  leading  edge  fullness  to  minimize  inflow 
through  the  side  slots  also  reduced  total  porosity  and  simply  accelerated 
the  rate  .  i  inflation  after  disreef.  Increasing  the  crown  porosity  by  en¬ 
larging  the  ringslot  area  of  the  canopy  did  not  increase  the  total  porosity 
enough  to  lengthen  the  filling  time  after  disreef.  Extending  the  vertical 
ta)  <ib  the  full  length  of  the  gore  to  restrict  filling  through  the  side  slots  did 
net  have  the  desired  effect  and  canopy  filling  after  disreef  was  accelerated. 
The  use  of  short  suspension  lines  to  slow  down  canopy  filling  was  largely 
ineffectual  because  only  the  reefed  filling  time  was  increased. 

PDS  2072,  a  hybrid  Ringsail  with  a  solid  cloth  crown,  was  not  rejected 
because  of  its  cluster  performance  (Table  IV)  but  because  of  the  exaggerated 
balloon-like  development  it  exhibited  at  vhe  end  of  the  reefed  interval.  This 
modification  sharply  accelerated  filling  after  disreef.  A  total  of  six  full 
scale  drop  tests,  two  of  them  with  clusters,  was  conducted  and  the  decision 
was  made  to  abandon  this  idea. 

Considerable  effort  also  was  devoted  to  optimization  of  the  width  of  the  slot 
in  ring  5  by  means  of  full  scale  aerial  drop  tests.  The  object  was  to  obtain 
the  smallest  possible  reefed  bulb  diameter  without  jeopardizing  opening 
reliability;  one  of  the  one-third  scale  models  had  been  marginal  in  this 
respect  on  disreefing  in  the  wind  tunnel.  The  reduction  in  reefed  bulb  diam¬ 
eter  by  the  addition  of  the  wide  slot  was  given  considerably  more  weight 
than  the  increase  in  filling  time  after  disreefing  that  attended  it.  Conse¬ 
quently,  a  new  high  porosity  Ringsail  model  (PD  31 20). that  showed  no 


/15/63  PDS  2072  Solid  Cloth  Crown  1  13150  1.16  26420  1.05 

replaced  ringalots  2  9470  .84  24160  .95 

D0  =  88. 1  ft  (Avg.)  11310  1.00  25290  1.00 


TABLE  IV  (Continued) 


with  split  gore 


significant  reduction  of  the  reefed  bulb  in  the  wind  tunnel  yet  which  promised 
a  substantial  increase  in  both  reefed  and  disreef  filling  times  was  dropped 
from  the  program  without  further  test  evaluation. 

Due  to  schedule  pressures,  experimental  model  performance  in  the  wind 
tunnel  dominated  technical  decisions.  The  adoption  of  mid-gore  reefing  is 
an  example.  The  full-scale  models  tested  in  the  wind  tunnel  with  mid -gore 
reefing  exhibited  a  high  degree  of  poly- symmetry,  each  sail  being  held  tauntly 
inward  between  radials.  Drop  tests  made  prior  to  this  on  an  experimental 
basis  had  exhibited  no  overt  difference  in  reefed  opening  characteristics  of 
the  Apollo  parachutes  with  mid-gore  reefing.  At  least  two  reasons  for  this 
can  be  cited:  (1)  the  reefed  filling  time  was  not  long  enough  for  the  poly- 
symmetric  shape  produced  by  a  taut  reefing  line  to  develop;  (2)  only  the 
skirt  ring  of  sails  was  controlled  by  the  reefing  line,  the  others  remaining 
free  to  flutter  in  and  out  at  random,  (except  on  those  models  with  vertical 
tapes  on  the  gore  centerlines  extended  across  all  slots  to  the  skirt).  While 
mid-gore  reefing  has  worked  very  effectively,  we  cannot  show  conclusive 
data  that  it  was  superior. 

While  it  cannot  be  said  that  a  statistically  adeqv  ate  number  of  instrumented 
cluster  tests  has  been  performed  with  either  the  original  88. 1  ft  D0  Ringsail, 
the  85.  6  ft  DQ  model  with  four  gores  removed,  or  the  modified  85.  6  ft  D0 
design  adopted  for  the  Apollo  Earth  Landing  System,  comparison  of  the 
maximum  force  ratios  in  Table  IV  indicates  that  seme  improvement  in 
cluster  operation  may  have  been  realized.  Recognizing  the  possibility  that 
the  number  of  canopies  in  the  cluster  also  may  have  an  effect  on  synchro¬ 
nism  of  inflation,  the  comparison  is  made  in  Table  V. 

TABLE  V 


MAXIMUM  FORCE  RATIOS  FROM  TABLE  IV 


..  . . .  . . . . . — 

Number  of  Canopies  ,,  .  .  , 

mfi  l.,.tar  Orii;  j 

- n 

Modified  Ringsail 

1  !Test  No. 

Die  reef 
Fmax/Fav 

r 

Test  No. 

Disreef 
Fmax/  Fav 

2  26-5**  |  1.  i>8 

!  .  41.-1  j  LSI  . 

' . 

48-4 

1,49 

_ _ i 

3  ■  13-1  1.42 

!  1  i 

29-2*  1  1.  63  j 

29-4  j  1.  51  | 

*  lest  29-2  may  be  considered  invalid  because  a  pilot  chute  separated 
from  one  of  the  main  canopies. 

**  Test  26-5  may  be  considered  invalid  because  a  planned  difference  in 
reefing  line  cutter  operation  d  1.  0  t-ccond  wan  used  and  the  actual 
difference  was  1.  33  seconds. 


4-) 


The  fact  that  the  results  of  the  three-canopy  cluster  data  are  negative  was 
apparently  overlooked  at  the  time,  because  the  individual  parachute  loads 
are  greater  in  the  two-canopy  cluster  than  in  the  three  canopy  cluster. 

The  ratios  shown  in  Table  V  indicate  that  the  maximum  probable  opening 
load  after  one  stage  of  reefing  may  have  been  reduced  from  1  51  percent  to 
149  percent  of  the  maximum  synchronous  opening  load  of  one  parachute  in 
a  two-canopy  cluster.  This  difference  is  small  and  the  comparison  is  incon¬ 
clusive  because  of  significant  differences  between  the  two  parachute  systems 
and  the  way  in  which  they  were  tested.  The  secondary  goal  of  the  develop¬ 
ment  program  was  attained  in  that  the  bulbous  development  of  the  reefed 
canopy  was  substantially  reduced.  The  design  modification  responsible  for 
this  change  in  Ringsail  behavior  was  the  wide  slot  in  the  crown  of  the  canopy 
formed  by  removal  of  the  upper  75  percent  of  the  width  of  ring  5.  This 
increased  the  total  porosity  of  the  canopy  by  73  percent  (from  7.  5%  to  12.  5%) 
and  reduced  the  drag  coefficient  by  12%  (from  Cdq  =  ,  85  to  Cdg  =  .  75).  The 
effect  on  canopy  growth  during  the  reefed  interval  in  terms  of  drag  area  (CqS) 
was  marked  (down  from  90%  to  20%  approximately),  the  wide  slot  falling  at 
the  periphery  of  the  reefed  canopy  at  disreef.  The  reefed  filling  time  was 
reduced  because  the  volume  to  be  filled  was  smaller.  The  filling  time  from 
disreef  to  full  open  was  increased  by  two  factors:  (1)  the  greater  differential 
volume  to  be  filled  starting  with  a  smaller  reefed  volume,  and  (2)  the  in¬ 
creased  ratio  of  outflow  to  inflow  produced  by  the  higher  canopy  porosity. 

The  increase  in  filling  time  from  disreef  to  full  open  was  estimated  to  be 
approximately  50  percent.  The  stability  of  two-canopy  clusters  was  im¬ 
proved,  the  average  amplitude  of  pendular  oscillations  being  reduced  from 
±8  to  ±3  degrees. 

The  design  limit  loads  applicable  to  each  of  the  three  parachutes  in  the 
cluster  as  reported  in  Reference  12  are: 

Reefed  opening  21,400  lbs 

Disreef  to  full  open  25,  000  lbs 

The  maximum  cluster  load  calculated  was  49,  700  lbs  for  three  canopies 
opening  reefed.  Probable  synchronous  opening  loads  calculated  by  the  same 
method  are: 

Reefed  opening  16,  300  lbs  (ea  of  3) 

Disreef  to  full  open  17,  000  lbs  (ea  of  2) 
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The  maximum  load  ratio  corresponding  to  the  limit  design  case  on  dis- 
reefing  is: 


Fmax/Fav  = 


25,  000 
17,000 


1.47 


While  this  may  appear  to  be  slightly  unconservative  in  view  of  the  test  results 
in  Table  V,  the  difference  is  small  relative  to  the  errors  inherent  in  the 
method  of  load  prediction  (e.  g. ,  see  Reference  14). 


Several  reasons  for  the  improvement  in  cluster  operation  of  the  modified 
Ringsail  have  been  given: 

a)  Reefed  drag  area  growth  stopped  at  the  5th  ring. 

b)  The  smaller  reefed  canopy  volume  to  be  filled  made  it 
easier  for  a  lagging  canopy  to  catch  up  with  its  mates  by 
the  end  of  the  reefed  interval. 

d)  Reduction  of  the  bulbous  reefed  development  reduced 
aerodynamic  interference  between  canopies. 

d)  The  increased  filling  time  after  disreefing  reduced  the 
retarding  effect  of  the  disreef  time  differential  on 
subsequent  inflation  of  the  lagging  canopy. 

The  changeover  to  two  stages  of  reefing  for  the  Apollo  Hlock  11  Heavyweight 
after  the  gross  landing  weight  increased  from  1 1,  000  to  13,  000  lbs  (approx¬ 
imately)  did  not  degrade  cluster  performance.  The  maximum  recorded 
force  r^tio  for  the  final  qualification  tests  with  three-canopy  clusters  was 
Fmax/Fav  =  1,49,  the  same  as  that  for  two-canopy  clusters  in  the  Block  1 
system.  Since  the  synchronous  opening  load  for  norma)  entry  with  2  drogues 
and  3  mains  is  in  the  order  of  1 0,  000  lbs  on  each  parachute  in  the  cluster  the 
probability  of  any  one  parachute  betny  subjected  to  a  peak  load  greater  than 
15,000  lbs  appears  small.  Structural  integrity  of  the  parachutes  has  been 
demonstrated  for  each  opening  stage  with  measured  individual  loads  of 
30,000  to  33,000  lbs  (approximately)  Therefore,  the  structural  reliability 
of  the  Apollo  Block  11  Heavyweight  main  parachute  cluster  is  very  high. 

As  noted,  the  history  of  RingsaM  il  iSfrr  development  includes  one  aerial 

drop  test  of  two  128.  B  ft  Du  "Century’'  parachutes  with  »  gross  load  of 

17,  720  lbs,  (See  Frontispiece.)  The  test  was  performed  on  27  October  1966, 


The  system  was  launched  from  an  aircraft  in  level  flight  at  approximately 
150  KEAS  and  10,  000  ft  altitude.  The  canopies  were  reefed  13  percent  D0 
for  8  seconds.  Deployment  and  opening  took  place  in  a  normal  manner  and 
the  peak  loads  are  presented  in  Table  VI. 


TABUS  VI 

MEASURED  OPENING  FORCES  OF  TWO 
128.  8  ft  D0  RINGSAILS  IN  CLUSTER 


Canopy 

Max  Reefed  Fp 

Force 

BSS3SSSB9H 

No. 

lbs. 

■a 

at  Disreef 
lbs 

lbs. 

Ratio 

M-l 

19,400 

.94 

.6? 

M-2 

21,800 

1.06 

13,900 

1.33 

(Avg.) 

20, 600 

mm 

*•  j  20, 700 

i 

t 

The  time  sequence  of  events  is  given  in  Table  V1L 


TABLE  VU 

C  LUSTER  OPENING  TIME  SEQUENCE  OF  TWO 
128.  8  ft  Dg  RINGSAILS  IN  CLUSTER 


Canopy 

No, 

Event  time  after  line  stretch- seconds 

nm 

F0  max. 

Canopy  full  open 

M.l 

1.88 

. 

8.41 

9.S9 

18. 25 

M-2 

2.69 

8,59 

9.67 

11.26 

.  .  -  ...  .  ...  . i 

With  a  unit  canopy  loading  of  0. 81  psf*  the  system  descended  at  an  average 
velocity  of  26, 1  fps  EAS  (CD  -  ,  84),  and  the  average  amplitude  of  pendular 
oscillations  was  ±2.  degrees.  The  cluster  specific  drag  area  for  this  test 
was  £CdS0/  EWp  e  48  ft*/lb. 

It  will  be  noted  that  although  the  lagging  canopy  disreefed  first,  the  small 
lead  of  0. 18  seconds  did  not  prevent  it  from  continuing  to  lag  on  a  divergent 
course  as  the  lead  canopy  contributed  an  increasing  major  fraction  of  the 
total  force  causing  deceleration  of  the  system.  With  a  maximum  force  ratio 
of  1.  33,  the  cluster  nonsynchronous  inflation  characteristic  is  roughly 


comparable  to  the  average  performance  recorded  for  all  parachutes  tested 
during  the  Apollo  Block  I  main  parachute  development  program.  Had  the 
lead  parachute  disreefed  first,  then  the  maximum  force  ratio  would  have 
been  much  higher. 

In  order  to  understand  the  basic  cause  of  the  cluster  inflation  problem  it  is 
necessary  to  employ  more  precise  language.  Terms  like  "aerodynamic 
interference"  ^nd  "blanketing"  d6  not  describe  what  is  actually  happening  in 
a  cluster  system,  and  it  has  not  been  possible  to  quantise  a  flow  field  through 
and  around  clustered  canopies  that  fits  such  a  description.  For  example, 
when  all  of  the  canopies  begin  to  fill,  their  mouths  lie  in  the  same  plane 
normal  to  the  airstream,  and,  their  initial  inlet  areas  are  nearly  equal.  The 
only  change  in  inlet  geometry  visible  during  subsequent  inflation  is  the 
flattening  of  common  boundaries  as  the  canopies  come  together  and  their 
areas  begin  to  diverge,  i.  e. ,  there  is  no  blanketing  in  the  sense  that  one 
canopy  obstructs  airflow  into  another. 

* 

During  the  course  of  the  detailed  study  of  the  Apollo  parachute  system  re¬ 
ported  in  References  13  and  14.  an  analysis  of  parachute  load  prediction 
methods  brought  to  light  a  possible  mechanism  behind  the  cluster  inflation 
problem.  It  has  been  described  loosely  as  "inflation  instability  induced  by 
system  deceleration."  The  physical  process  is  clarified  by  consideration 
■f  of  the  equation  for  the  tangential  force  produced  by  an  inflating  parachute. 

#F  s  Cf.$q  *  m  v  •  (m  *  in  )  v  »  W..  sinV 
1*  D  a  a  p  P  j 

<»)  U)  M  (4) 

The  first  term  represents  simple  aerodynamic  drag.  The  second  term  is 
the  momentum  of  the  incoming  atruuss.  a  large  positive  quantity.  The 
third  term  represents  the  inertial  fotea.  of  the  parachute  and  the  air  mas* 
moving  with  it  caused  by  system  deceleration,'  a  negative  quantity  which  is 
sometimes  greater  than  the  first  tw©  term*  combined.  This  latter  event 
becomes  visible  as  a  momentary  dimplm^  or  flattening  of  the  canopy  at  the 
end  of  a  period  of  rapid  inflation  i*.  g. ,  see  Figure  JJ  at  H.  I  seconds).  The 
fourth  term  is  the  tangential  weight  component  of  the  parachute,  small  enough 
to  be  neglected  in  meat  systems. 

It  is  the  third  term  that  identifies  the.  *««•.»<«  oi' mflalto*  instability  in 
clustered  canopies,  v,  the  system  to  lei  at  son  v.hs*:h  unlike  tha.  of  the 

single  parachute  system,  is  uncoupled  ir»*m  or  independent  of  the  drag 
growth  of  the  individual  yatmp*««.  The  is  indsffo.ent  to  the  source 

of  the  deceleration,  whether  pr^sd-sced  s*y  **ih  vss.ii  »>  c  «ne  of  the  canopies 
in  the  cluster.  Ihe  r  fleet  »•>?  this  common  0fi><j*5eratjsn  on  the  sflrmass  in 
each  canopy  is  feit  as  a  redv:  ctbsji  in  ent«ai  j-.se  a  sure  across  the  canopy. 


the  air  mass  tending  to  continue  moving  at  its  initial  velocity;  and,  of  course, 
this  diminishes  the  motive  power  forcing  air  to  flow  into  the  canopy  at  a  time 
when  the  free  stream  dynamic  pressure  is  decaying.  The  slightest  hesitation 
on  the  part  of  one  canopy  to  ingest  air  at  the  same  rate  as  its  mates  will  cause 
it  to  fall  behind  or  lag  in  a  divergent  manner  until  the  system  deceleration 
drops  to  a  low  level.  Lacking  any  stabilizing  mechanism,  inequitable  inflation 
and  load  sharing  is  the  most  probable  mode  of  operation,  as  all  test  evidence 
indicates. 


In  the  comparison  of  different  cluster  systems,  maximum  and  average  decel» 
e ration  levels  during  canopy  inflation  would  be  the  governing  criteria.  These 
are  functions  of  unit  canopy  loading  reefed  and  disreefed  and  of  the  average 
fiight  path  angle.  TH&se  factors  were  neglected  in  the  foregoing  comparison 
of  the  Apollo  cluster  systems.  The  actual  difference  in  unit  canopy  loading 
was  not  negligible  because  the  modified  Ringsail  was  both  smaller  and  had  a 
lower  drag  coefficient  than  the  original  design.  The  effect  of  this  on  the  unit 
canopy  loading  of  fully  inflated  two  and  three»canopy  clusters  with  W  =  950Glbs 
is  shown  in  Table  VU1  for  both  the  and  08  gore  models. 


TABLE  vm 

COMPARISON  OF  UNIT  CANOPY  LOADINGS  OF 
THREE  APOLLO  PARACHUTE  SYSTEMS 


Ringsail  Design 


In  general,  the  average  system  deceleration  is  inversely  proportional  to  the 
unit  canopy  loading  for  parachutes  of  similar  inflation  rates.  Thus,  in  the 
absence  of  an  inflation  stabilising  mechanism,  the  effects  of  nonsynchronous 
inflation  could  be  expected  to  be  more  severe  on  the  average  lor  the  original 
Apollo  cluster  than  for  the  modified  system  on  this  ground  alono. 

2. 1.5  Summary  of  Ringtail  Parachutes 

Dasign  and  performance  data  for  the  different  Hingsail  parachutes  of  Stan* 
dard  design  built  and  tested  in  single  canopy  systems  are  summarized  in 
Table  IX,  >br  purposes  of  clarification,  a  "standard"  Ringsail  is  one  which 
has  a  spherical  or  ogival  constructed  profile  without  any  wide  slots  or  modifi* 
cations  of  that  nature.  A  "modified'1  Hingsail  is  one  which  has  a  constructed 
profile  other  than  spherical  or  ogival  in  nature  (such  as  conical  or  bi-comeal) 
or  incorporating  wide  slots  such  as  the  Apollo  or  PEPP  RingsaiU,  A  symbol 
code  is  provided  for  identification  of  the  different  Ringsail  models  in  the 
graphs.  Additional  symbols  for  models  not  listed  in  Table  IX  will  be  found 
in  Table  XU.  The  characteristics  of  the  modified  Ringsail  used  in  the  Apollo 
ELS  main  parachute  cluster  are  outlined  in  Section  2. 1.4  and  Appendix  A  and 
performance  data  are  given  in  election  3.  Similar  data  for  modified  Ring- 
sails  designed  for  other  more  specialised  uses  are  given  in  Appendix  B. 

The  special  purpose  Ring  sails  Included  a  steerable  version  known  as  the 
"Glidesail"  (Reference  17);  a  target  canopy  of  an  aerial  recovery  system 
in  which  the  primary  was  an  annular  parachute  (Reference  4);  and  a  candi¬ 
date  design  in  the  NASA  program  for  development  of  a  planetary  entry  para* 
chute  for  the  Viking  Mars  lander  (Reference  18). 


I ,  &  PRESENT  STATUS  OK  RINGSAIL  DESIGN  AND  OPERATIONAL 

THEORY 

The  present  concept  of  an  optimised  Ringtail  parachute  design  for  general 
use  it  represented  by  the  128.  8  ft  Century  Ringtail  of  "mid -weight" 

construction.  This  parachute  conforms  with  the  basic  dimension  scheme 
given  in  Eigore  12  and  lias  exhibited  superior  performance  in  all  categories, 
both  individually  and  in  a  cluster  of  two  *’ Reference  8).  When  comparison  is 
made  with  other  parachute  types  under  conditions  of  etpial  scale,  canopy 
loading  (WfCgS  -  0.  83  p»0,  and  stability  of  descent  (5  *7*)  a  drag  coef¬ 
ficient  of  appears  to  be  exceptional.  Even  the  lightweight  model 

descending  with  two  split  gores  had  Cy  -  0.81,  which  equaled  the  design 
drag  coefficient.  Although  the  canopy  filling  time  remains  relatively  short, 
the  opening  load  factor  is  moderate,  enabling  a  specific  drag  area  greater 
than  Cj$S0?Wp  a  si  paf  to  be  attainer  in  a  well  balanced  structure  designed 
for  deployment  at  H,  feet  altitude  and  t|  *  l  GO  psi.  The  design  limit 
opening  load  for  these  conditions  would  be  F&  *=  E  *  2b,  ©0©  lbs. 


The  statements  in  paragraph  2.  2  are  qualified  by  the  following  considerations 
pertinent  to  the  performance  evaluation.  v 

a.  The  number  of  tests  performed  was  insufficient  to 
establish  firm  averages. 

'  b.  The  pilot  to  main  parachute  drag  area  ratio  was  0.005 

and  the  pilot  chute  was  permanently  attached  to  a  special 
bridle  harness  on  the  apex  of  the  main  canopy. 

The  drag  of  the  attached  pilot  chute  was  believed  to  be  large  enough  to  influ¬ 
ence  the  reefed  opening  characteristics  of  the  main  canopy  by  retarding  its 
rate  of  growth.  This  appears  to  be  borne  out  by  the  quasi-flattened  shape  of 
the  reefed  peak  load  for  approximately  1.  5  seconds  as  shown  in  Figure  B8  of 
Reference  9.  An  examination  of  Figure  B15  of  Reference  9  (see  Figure  35) 
also  -indicates  similar  peak  load  flattening  in  the  force  tracings  of  the  indi¬ 
vidual  parachutes  of  the  cluster.  The  characteristic  "spike,:  which  accom¬ 
panies  reefed  inflation  of  Ringsail  parachutes  without  attached  pilot  chutes 
(see  Figure  34)  is  not  there.  The  force  tracing  of  the  Gemini  parachute 
however  (see  Figure  33)  shows  what  could  be  interpreted  as  a  quasi-flattened 
shape  at  the  reefed  peak  load  similar  to  that  of  the  Century  parachutes  refer¬ 
enced  above.  The  Gemini  parachute  however  did  not  have  an  attached  pilot 
chute.  Therefore,  the  total  effect  of  an  attached  pilot  chute  on  Ringsail 
performance  is  still  not  clear  and  should  be  subject  to  system  analysis.  The 
following  deployment  options  are  open  to  the  designer: 

a.  Use  of  the  drogue  as  a  pilot  chute  when  compatible  with 
the  system  configuration  and  reliability  goal. 

b.  A  free  pilot  chute  which  carries  the  deployment  bag  away 
with  it. 

c.  A  permanently  attached  pilot  chute  stowed  outside  the 
deployment  bag,  both  being  retained  on  the  apex  of  the 
main  canopy  with  a  strong  bridle. 
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STANDARD  RINGSAIL  PARACHtU 


[  Symbol 

* - 

Ring**il  Bmtkcv  j 

Reefing 

Design  Conditions 

(Design) 

mm 

No. 

No. 

X  i\ 

At 

Weight 

Altitude 

V  max 

9  Dim 

F0  Urn 

V 

E 

m 

1 

Gore* 

Rings 

{%) 

H 
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:d.  Forciblp  ejection  by  thruster,  mortar,  ejector  bag, 

'  etc.,  with  pilot  chute' stowed  on  the: deployment  bag,  the 

bag  being  free  to  separate  after  canopy-stretch. 

r 

i  1  .  i 

e.  Any  other  means  compatible- with  system  operational 
requirements. 

i 

:  1  I 

^The  geometric  porosity  of.crown  ventilation  is  a  small  but  important  part 
of  Ringsail  parachute  total  porosity.  By  governing  the  inflation  rate  and 
growth  of  the  reefed  canopy  it  determines  the  magnitude  of  the  reefed  'opening 
load  factor.  The  crown  geometric  .porosity  has  varied  somewhat  erratically 
throughout  the  development  period  between  excessively  high  (in  sm.all  Ring- 
sails)  and  unnecessarily  low  (c.  g.  ,  ^ercury  63  ft  DQ),  depending  somewhat 
on  how  much  conservatism  appeared  to  be  called  for.  The  general  downward 
trend  of  crown  geometric  porosity  with  increasing  canppy  diameter  is  shown 
;in  Figure  2 1.  Aftir  the  value  of  vertical  tapes  had  been  firmly  established, 
the  earlier,  design  trend  was  superseded  by  the  recommended  Resign  curve 
given. (  The  usfe  of  a  lpwer  porosity  crown  without  vertical  tapes  is  not 
recommended.  ,  >  1 

i 

Calculation  of  the  crown  geometric  porosity  is  simplified  by  neglecting  the 
area  covered  by  the  radial  and  vertical  tapes  and  by  the  vent  lines.  ,  The  sum 
n  t  th  im  n (  central  vert  and  ail  of  the  open  rinernmfs  above  Vw’hr,  r  0.  5 

is  used  to  define  the  crown  geometric,  porosity  number  X.gc  ~  SSj,^/S0.  This1 
simplified  approach  is  useful  for  comparison  of  one  Ringsail  design  wit}; 
another  but  should  not  be  applied  as  a  general  criterion. 

It.  will  be  recognized,  that  thehe  is  a  sound  theoretical  basis  for  the  difference 
in  pe rfor'rnance  between  small  and  large  scale  parachutes  (Reference  14). 

The  size  effect  (increase  in  Cn  with  D  )  can.be  accounted  for.  Reference  24, 
indicates  an  increase  ih  Cq  with  D0  for  extended  sk.irt  and  conical  canopies, 
and  Ringsails  apparently  .follow  the  same  pattern.  Also,  some  of  the  dif¬ 
ferences  in  performance  between  the  Ringsail  and  other  parachute'types  can 
be,  explained  on  theoretical  grounds.  The  following  considerations  derived 
from  both  theory  and  experiments  are|  pertinent.  : 

Differences  that  can  be,  accounted  for  (plau'sibly  explained): 

i 

a.  The  relative  elasticity  of  the  parachute  structure  increases 
with  iscale  .(Reference  14). 

1  !  ,i  ;  ,  ■ 

b.  The  unit  loading  of  parachute  suspension  lines  and  canopy 

•  ,  ,  radials  (Wg/N1)  increases  with  sca.lo  (when  N/q  is 

approximately  constant). 
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Ringsail  Geometric  Porosity  of  Crown  Ventilation 


c.  The  relative  porosity  of  the  canopy  may  increase  with 
scale  due  to  (a)  above. 

Differences  which  are  theoretical: 

d.  The  bulbous  development  of  the  canopy  at  disreef 
accelerates  canopy  growth  and  shortens  the  final 
filling  interval. 

e.  The  contribution  of  skin  friction  to  total  canopy  drag 

is  augmented  by  the  surface  roughness  produced  by  the 
differential  fullness  in  sail  leading  edges. 

f.  Resistance  to  air  through-flow  is  greater  in  crescent¬ 
shaped  slots  than  in  rectangular  slots  due  to  increased 
interference  flow  in  the  sharp  corners. 

g.  The  positive  angle  of  attack  of  the  sails  promotes 
continued  filling  through  the  side  slots  during  the  reefed 
interval. 

h.  The  flared  skirt  augments  the  radial  component  of  the 
opening  forces  acting  on  the  canopy. 

The  scale  effects  may  combine  to  produce  a  larger  increase  in  canopy 
drag  area  than  is  lost  to  reduced  through-flow  resistance,  the  result 
being  a  net  gain  in  total  drag  coefficient  with  increasing  scale.  Augmented 
canopy  roughness  undoubtedly  accounts  for  an  increment  of  Ringsail  drag 
coefficient  over  that  of  other  canopy  types  such  as  a  Ringslot  parachute  of 
equal  total  porosity  and/or  stability  of  descent.  Another  increment  would 
be  accounted  for  by  the  effect  of  augmented  radial  forces  on  the  projected 
area  of  the  fully  inflated  canopy.  The  accelerated  filling  rate  after  dis- 
reefing  would  account  for  an  increment  of  Ringsail  opening  load  factor 
over  that  of  other  canopy  types  of  equal  total  porosity. 

Some  thought  has  been  given  to  the  measures  that  might  be  taken  to  further 
improve  the  Ringsail  design,  i.  e.  : 

a.  To  make  its  performance  more  repeatable  and  hence 
more  predictable, 

b.  To  make  it  adaptable  to  requirements  for  different 
inflation  rates,  slow  as  well  as  fast. 
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For  example,  the  wind  tunnel  tests  of  Reference  1  5  showed  that  pocket  bands 
regulated  initial  opening  of  the  canopy  mouth  so  that  filling  started  earlier. 
This,  through  elimination  of  random  delays,  would  make  the  reefed  filling 
time  more  repeatable  about  its  minimum  value.  Pocket  bands  were  in¬ 
stalled  for  this  purpose  on  the  small  Ring  sail  target  canopies  of  the  UAR 
systems  described  in  Reference  4.  There  is  some  indication  that  the  re¬ 
peatability  of  reefed  filling  was  improved,  but  numerous  changes  in  system 
parameters  diluted  the  data.  The  addition  of  pocket  bands  to  new  Ringsail 
parachutes  is  recommended  for  serious  consideration  when  improved  re¬ 
peatability  of  canopy  inflation  is  desired. 

Another  direction  for  Ringsail  design  improvement  was  suggested  by  the 
two  opening  modes  exhibited  by  the  Century  Ringsails  in  the  seven  single 
canopy  tests  performed.  These  modes  were  called  "hard"  and  "soft1, 
rather  than  "fast"  and  "slow"  because  there  was  no  consistent  relationship 
between  the  magnitude  of  the  opening  loads  and  the  filling  time  after  dis- 
reefing.  Rather,  the  correlation  appeared  to  be  with  the  shape  assumed 
by  the  canopy  mouth  as  it  expanded  after  disreefing.  The  soft  opening  mode 
resulted  when  the  mouth  assumed  a  roughly  symmetrical  shape  of  large 
lobes  alternating  with  infolded  flutes  extending  up  the  canopy  to  the  crown 
(e.  g.  ,  Figure  16).  The  hard  opening  mode  resulted  when  the  lobulation 
and  infolding  was  grossly  unsymmetrical.  Because  the  soft  opening  mode 
occurred  spontaneously  in  two  of  the  seven  tests,  indications  are  that  a 
relatively  minor,  modification  of  the  skirt  shape  might  convert  it  to  a  wholly 
repeatable  process.  The  specific  modification  contemplated  was  to  invert 
N/8  skirt  sails  in  four  equal  groups  spaced  N/8  sails  apart,  the  purpose 
being  to  induce  the  formation  of  a  symmetrical  pattern  of  four  flutes  and 
four  lobes  in  the  expanding  canopy  by  varying  the  radial  force  components 
on  alternate  zones  of  the  skirt.  This  concept  still  appears  to  merit  ex¬ 
perimental  investigation, 

Finally,  the  question  of  what  can  be  done  with  the  Ringsail  to  improve  its 
cluster  performance  must  be  answered.  As  noted,  theory  suggests  that 
non- synchronous  inflation  effects  could  be  mitigated  (but  not  eliminated)  by 
a  reduction  in  the  peak  and  average  deceleration  levels  of  the  system.  This 
is  synonymous  with  increasing  both  reefed  and  disreef  filling  times  sub¬ 
stantially,  something  the  modified  Ringsail  of  the  Apollo  ELS  cluster  does 
only  in  part;  i,  e,  ,  the  disreef  filling  time  was  increased  roughly  50%,  the 
reefed  filling  time  was  shortened  due  to  the  reduction  in  bulbous  development 
and  the  test  evidence  shows  that  the  net  overall  benefit  was  small.  The  main 
problem  with  any  increase  in  filling  time  is  that  the  methods  used  seriously 
degrade  drag  efficiency.  Another  problem  arises  from  the  current  military 
requirement  for  a  fast  opening  cluster  in  which  the  time  from  deployment 


to  full  open  steady  descent  must  be  a  minimum.  Theory  also  suggests  the 
strong  probability  that  a  fast  opening  cluster  of  any  type  of  parachute  will 
exhibit  the  effects  of  nonsynchronous  inflation  in  exaggerated  form,  with  no 
predictable  opening  time  from  one  operation  to  the  next. 


63/64 


SECTION  3 


PERFORMANCE  CHARACTERISTICS 

The  performance  of  standard  Ringtail  parachutes  in  single  canopy  systems 
is  well  established  by  test  data  from  many  programs.  The  performance  of 
Ringtail  parachutes  in  clusters  was  derived  primarily  from  the  Apollo  pro¬ 
gram  since  only  one  other  adequately  instrumented  test  was  performed,  that 
of  the  Century  Ring  sail  program.  Some  data  applicable  to  single  canopy 
systems  at  high  rates  of  descent  was  obtained  from  Reference  4  for  Ringsail 
target  canopies  functioning  as  Stage  I  drogue  chutes  in  the  UAR  system  (see 
Appendix  B). 

Since  all  Ringsail  performance  data  is  derived  from  full  scale  aerial  drop 
tests,  the  common  types  of  data  plots  obtained  from  wind  tunnel  tests  such 
as  static  stability  coefficients  as  a  function  of  canopy  angle  of  attach  are 
missing.  (The  results  of  very  small  scale  model  tests  reported  in  Reference 
21  cannot  be  accepted  as  valid  for  comparative  evaluations  because  the  test 
specimen  was  not  a  faithful  scale  model  in  respect  to  number  of  gores, 
canopy  shape,  or  sail  fullness). 

3.  1  DRAG  COEFFICIENT 

3. 1. 1  Effect  of  Unit  Canopy  Loading  (W  /CjjSq) 

The  variation  of  Ringsail  drag  coefficient  with  unit  canopy  loading  is  pre¬ 
sented  in  Figure  22  in  the  familiar  form  expressed  as  a  function  of  rate  of 
descent  under  standard  sea  level  conditions.  The  actual  variation  with  air¬ 
speed  is  slight,  if  any,  and  cannot  be  detected  by  present  methods.  The 
effects  of  varying  both  effective  suspension  line  length  and  canopy  scale  are 
indication  but  the  data  scatter  yields  only  a  rough  correlation  at  best.  Most 
of  the  small  parachutes  performed  below  the  desired  norm,  while  the  cen¬ 
tury  series  and  20K  parachutes  exhibited  remarkably  high  drag  coefficients. 
Even  the  1  28.  8  ft  Dq  model  that  descended  with  a  split  gore  fell  on  the  norm 
expected  for  |e/ D0  =  1,  15,  while  the  two-canopy  cluster  (indicated  for  ref¬ 
erence  by  the  double  symbol)  gave  Cqd  =  .  84.  These  were  the  averages  for 
single  tests,  however;  only  the  solid  curves  are  faired  through  data  points 
which  are  mainly  the  averages  for  many  tests. 

3.  1.  2  Effect  of  Scale 

The  variation  of  Ringsail  drag  coefficient  with  nominal  diameter  presented 
in  Figure  23  exhibits  characteristics  which  are  closely  related  to  those  of 
the  conical  and  extended  skirt  parachutes.  The  conical  parachute  Cj)0  ranges 
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aristion  of  Ringsail  Drag  Coefficient  With  Unit 
W  Loading  and  Effective  line  Length 


»»  of  Ringsail  Drag  Coefficient  with  Scale 


from  0.62  to  0.95  depending  on  size,  cone,  angle,  suspension  line  length 
and  rate  of  descent.  The  extended  skirt  parachute  C£)0  also  varies  with  size, 
rate  of  descent  and  suspension  line  length.  The  data  presented  in  Figures  22 
and  23  show  tjiis  same  effect  for  the  Ringsail  parachute. 

3.  1 . 3  Effect  of  Suspension  Line  Length 

The  variation  of  Ringsail  Cj^  with  the  effective  length  of  the  suspension 
lines  (Pe  --  }  s  +  1%)  is  shown  in  Figure  24a  corrected  to  ve  -  28  fps  and  to 
D0  >  50  ft  using  Figures  22  and  23  respectively.  The  faired  curve  may  be 
considered  representative  of  Ringsails  having  nominal  diameters  in  the  range 
of  50  to  100  feet  approximately.  The  two  curves  for  of  1.15  and  1.40, 

is  consistent  with  the  data  derived  from  the  century  series  Ringsail  program 
wherein  increase  is  C,.  with  size  and  increased  line  length  was  obtained. 


The  faired  data  have  been  normalized  in  Figure  24b  relatives  to  ie/D0  *  1.15 
with  81  as  representative  of  the  optimized  lightweight  Ringsail 

design.  As  developed,  Cq  vs  should  be  essentially  invariant 

with  scale  over  the  entire  range  of  parachute  sizes.  From  this  relationship 
it  was  shown  in  Reference  5  that  the  length  ratio  for  a  minimum  weight  para¬ 
chute  was  i'e/Do  "1.15  for  D0  =128  ft.  A  similar  analysis  in  Reference  35 
optimum  length  rati'*  m  •>«>  <  1.  22  f«r  j>0  =185  p, 

3.1.4  Effect  of  Canopy  Porosity 


The  88. 1  ft  D<(  canopy  of  the  Apollo  ELS  development  program  was  the  only 
Ringsail  model  in  which  a  wide  range  of  porosities  was  evaluated  in  ade¬ 
quately  instrumented  tests.  However,  the  porosity  variation  was  simply  the 
effect  on  the  geometric  porosity  of  the  crown  area  of  removing  different 
fractions  of  the  width  of  ring  number  5.  The  only  raw  data  reported  were 
average  rates  of  descent  from  drop  tests  made  with  constant  weight.  The 
effect  on  Cj}0  of  the  changes  in  crown  porosity  were  deduced  from  the 
relationship 
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The  data  and  results  are  summarized  in  Table  X  and  plotted  in  Figures  25(a) 
anti  (b). 


TABLE  X 


EFFECT  OF  CROWN  POROSITY  ON  CDqOF  88.  1  ft  Dc  RINGSAIL 


|  Fraction  of  Ring  5  removed,  {%  hw) 

0 

_50  j 

75 

100 

1  Area  of  Slot  4-5  (S6)  (%  SD> 

j  Crown  \ge  s  S8  +  1. 42,  (%  SCv) 

o,  m 

\ .  SD 

3.  441 

4.  64 

5,  111 

6.  33 

7.  050 

8.  74 

|  Avg  measured  va#  ftps} 

|  Sa£io  veo/  v« 

' 

30.  0 
i.00 

.  _ 

31. 1 
,  964 

34.1 
.  935 

33.  4 
.  904 

|  Calculated  C(y6/Cj)  * 

j  Average  Cr0a 

I.OQ 

.  as 

.  930 
.79 

.  876 
.  74  5 

.814 

.69 

Refuse  the  .accuracy  of  these  data  Is  uncertain  and  the  porosity  variation 
strictly  ioiMiged  in  the  crown  of  the  eanopy.  Figure  45b  should  he  viewed 
m«r«  a.s  aa  example  than  as  a  basis  for  design. 

3.  1.  $  Variation  In  Rate  of  Descent 

VrVtS  *-'***•*-'  U  ■  ■1l«in<r  >»<■>* 

Parachute  drag  coefficients  are  derived  from  r&te-o^-deseent  measurements. 
The  rule-of-thumb  variation  in  parachute  rate  nf  descent  used  ter  Ringsail 
design  to  meet  a  specified  maximum  rate  of  descent  was  percent,  A 
study  of  rate-of-descent  data  fr$*m  the  fcfersury,  Gemini,  and  Apollo  para¬ 
chute  development  programs  reported  in  Reference  K*  produced  the  evalua¬ 
tion  of  standard  deviation*'  presented  m  Table  XL  it  will  be  seen  that  the 
fule-wf-thumb  variation  used  is  approximately  4*  ter  one  and  two  canopies 
and  i.  ter  three -canopy  clusters, 

i.  I .  e  .Effect  of. Clustering, 

The  effect  of  clustering  on  drag  coefficients  is  shown  in  Figure  <>  as  a 
function  of  the  number  of  canopies  in  the  cluster.  The  data  p«tnt  ter  the 
three -canopy  cluster  was.  corrected  from  .  84?  te  .  SSth  using  the  steps  of 
the curve®  in  Figure  44,  to  account  ter  the  diSierehre  in  rates  of  descent.  * 

The  calculated  three- canopy  cluster  system  weight  that  would  have  the  same 
unit  loading  fs.  c. .  rate  of  descent)  as  the  <>ne  and  two- parachute  systems  l* 

13,  89*)  lbs.  The  effective  Sine  *  riser  lengths  were  the  sat«e  ter  all  clusters 
*  fc .  D?;  1.4)  hut  as  noted,  the  effective  line  length  of  the  individual  Century 

parachutes  Was  ie -?D0  I .  I  $» 

a 

For  C|>  .  84?  W  9S00  It**  and  vtf  -  (.  fps -romp* red  with  ve  47.  s  ^ 

fps  ter  the  s»nglc  and  two-canopy  cluster  cases. 


TO 


(a)  Cluster  Drag  Coefficients 


Number  of  Canopies 


(b)  Normalized  Cluster  Drag  Coefficients 


Number  of  Canopies 

Figure  26.  Cluster  Effects  on  Ringsail  Drag  Coetficlei* 
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3.  2  OPENING  LOAD  FACTORS 

The  opening  load  facto  r(Ck)determined  experimentally  by  the  ratio 
Fmax/Ci>S  q  provides  a  conventient  means  of  making  quick  estimates 
of  the  probable  opening  loads  of  a  given  parachute  system.  At  best,  the 
method  yields  predicted  loads  having  an  accuracy  of  about  ±10  percent 
when  applied  within  a  narrow  range  of  speeds  and  altitudes.  The  principal 
sources  of  error  are: 

a.  Mensuration  of  parachute  forces  and  flight  conditions 

b.  The  element  of  randomness  in  the  parachute  opening 
process 

c.  Variations  in  reefing  line  cutter  timing 

d.  Limitations  of  the  analytical  methods  employed  in  the 
prediction  of  dynamic  pressures  at  line  stretch  and  at 
the  end  of  each  reefed  stage. 

e.  Limitations  of  the  methods  of  predicting  parachute 
reefed  drag  areas. 

A  substantial  quantity  of  data  has  been  accumulated  over  the  years  pre- 
senting  Cfc  as  a  function  of  unit  canopy  loading  (W/CdS)  as  shown  in 
Figure  27.  In  this  form  Cfc  varies  widely  with  both  altitude  and  dynamic 
pressure  or  equivalent  air  speed  (EAS).  The  Ringsail  data  plotted  in 
Figure  27  are  for  tests  performed  in  the  altitude  range  of  10  to  16  thousand 
feet.  The  faired  curves  indicate  the  general  trend  of  Ck  as  a  function  of 
W/CpS  and  EAS,  but  data  scatter  makes  the  quantitative  effect  of  EAS  highly 
uncertain.  In  general,  higher  opening  load  factors  are  associated  with 
lower  relocities  (EAS)  or  dynamic  pressures  at  the  beginning  of  the  filling 
process.  The  disreef  data  also  reflect  the  accelerated  filling  rate  of  the 
Ringsail  caused  by  the  large  canopy  growth  during  the  reefed  interval. 

The  presentation  in  Figure  28  of  measured  opening  load  factors  as  a  function 
of  mass  ratio  (Rm)  is  derived  from  the  model  law  developed  in  Reference  20. 
(See  Section  6.  3. 1).  This  includes  the  effect  of  altitude.  The  general  trend 
of  the  scattered  data  is  indicated  by  the  faired  curves.  The  effect  of  the 
other  related  variables,  velocity  and  flight  path  angle  (Froude  Number)  is 
lost  in  the  "noise.  "  The  sharp  separation  of  the  disreef  data  reflects  the 
difference  in  inflation  process  noted  above.  Stage  1  reefed  data  should 
logically  fair  into  the  non- reefed  data  as  a  limit.  The  width  of  the  trend- 
bands  shown  emphasises  the  difficulty  of  applying  this  methods  of  load 
prediction  to  new  system  designs. 
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10,  000-16,000  ft 


NOTE:  Suspension  line  ratios  vary. 


The  apparent  effect  of  altitude  on  Ringsail  opening  load  factor,  with  unit 
canopy  loading  constant,  is  shown  in  Figure  29.  This  was  derived,  as 
illustrated,  by  interpolation  of  the  data  in  Figure  30  to  W/CqS  =  10  psf. 

The  interpolation  is  based  on  the  postulate  previously  noted  that  the  reefed 
and  non- reefed  data  points  are  related.  Figure  30  is  similar  to  Figure  27 
with  data  points  keyed  for  identification  of  the  different  Ringsail  models 
listed  in  Table  XIL  The  disreef  data  are  irrelevant  to  this  study  and  so 
are  not  shown.  The  symbol  code  does  not  apply  to  Figure  29*  the  points 
merely  locating  the  data  interpolated  at  W/CqS  =  10  psf.  The  ladder  at 
15-16  thousand  feet  represents  the  great  majority  of  the  data,  and  the  hori¬ 
zontal  bars  indicate  the  altitude  uncertainity  of  some  load  factor  interpola¬ 
tions.  The  extrapolation  of  the  data  per  the  non- reefed  modified  Ringsails 
at  altitudes  over  100,  000  feet  is  somewhat  speculative  but  the  broad  trends 
shown  in  Figure  28  provided  some  guidance.  The  tendency  for  opening  load 
factors  to  level  off  somewhere  between  1  and  2  at  high  unit  canopy  loads  is 
supported  by  general  wind  tunnel  experience,  i.  e. ,  "infinite  mass"  inflation 
tests.  The  effect  of  deployment  velocity  on  Froude  number  has  not  been 
identifiable  and  no  doubt  contributes  to  data  scatter  along  with  the  several 
sources  of  error  cited. 

Since (g  sin  y)is  also  important  component  of  Froude  number,  the  effect  of 
flight  path  angle  on  opening  load  factors  is  not  always  negligible.  A  com¬ 
puter  study  of  this  effect  on  the  opening  forces  of  the  128.  8  ft  Century  Ring¬ 
sail  produced  the  variation  of  Ck  with  flight  path  angle  at  line  stretch  plotted 
in  Figure  31.  With  the  velocity  and  altitude  at  line  stretch  constant,  the  load 
increases  21  percent  between  y0  =  10*  and  Y0  =  90  degrees,  while  the  in¬ 
crease  in  dynamic  pressure  is  only  14  percent,  the  net  result  being  an 
increase  in  Ck  of  8.  5  percent.  Since  this  is  within  probable  error  tolerance, 
the  effect  on  predicted  opening  loads  would  be  detectable  only  under  unusual 
circumstances,  but  obviously  contributes  to  the  variation  in  test  measure¬ 
ments. 


*  8-10  degrees  is  generally  representative  of  parachute  dystems  deployed 
from  aircraft  in  level  flight. 


Altitude  (see  Table  XII  for  Code) 


I 
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TABLE  XU 


RINGSAIL  OPENING  LOAD  FACTORS  AT  ALTITUDE 

i  ! 


w/cDs 

psf  ! 

c 

K 

Altitude 

Nonreefed 

Reefed 

Feet 

Symbol 

17.2 

1 . 

-- 

.68 

46,200 

o 

,  17.6 

m  m 

.91 

12,560 

17 

m  m 

.84 

19, 660 

m  m 

.87 

46,630 

!  .58 

.. 

1,100 

-- 

5,000 

t 

-- 

10,000 

7 

i 

m  m 

15,000 

• 

.  0642 

m  m 

16.1 

mm 

.56 

12.6 

m  m 

.66 

■ 

V 

16.4 

mm 

.78 

.48 

KB 

mu 

WBZjM 

WBm 

1  ns  ■ 

■gH 

.59 

2,500 

u 

Hal 

m 

.83 

15,000 

•91 

— 

*  iM» 

— 

hbsh 

m 

.47 

2,700 

o 

hKmh 

HI 

.58 

10,400 

TABLE  XU  (Continued) 


RINGSAIL  OPENING  LOAD  FACTORS  AT  ALTITUDE 


Fl|w*  51.  Effect  of  night  Peth  Aogl*  ot  Uh  Stretch  ooCv 
(Result*  of  Computer  Study  of  1 2$.  t  ft  Dw  Riageeil)  K 


3.  2. 1  Opening  Force-Time  Characteristics 


Opening  load  factors  are  derived  from  parachute  force-time  recordings 
in  conjunction  with  system  trajectory  measurements  that  yeild  dynamic 
pressure  data  and  canopy  effective  drag  areas  at  several  points  of  critical 


interest  as  follows: 

a. 

Main  canopy  line  stretch 

b. 

Reefed  opening  and/or  Fmax 

c. 

Disreef 

.  d. 

Fmax  after  disreef 

A  »• 

Full  open 

The  way  in  which  the  opening  force-time  history  of  the  Ringsail  parachute 
varies  from  system  to  system  is  illustrated  in  Figures  32  through  38  de¬ 
picting  traces  obtained  from  tensiometer  recordings  and  telemetered  force 
transducer  records.  *  Figure  33  is  particularly  instructive  because  it 
illustrates  the  development  of  the  inflated  shape  of  the  canopy  at  numerous 
points  in  the  opening  history  enabling  important  deductions  to  be  made  about 
the  physical  events.  Note  that  the  force  of  the  reefed  canopy  increases 
significantly  while  the  deployment  bag  is  still  being  withdrawn  from  the 
canopy.  The  canopy  is  still  an  elongated  sock  when  the  initial  air  mass 
reaches  the  apex  to  generate  a  preliminary  force  peak.  At  the  peak  reefed 
opening  load  the  canopy  development  angle  (^-4)  is  almost  zero  indicating 
very  little  tension  in  the  reefing  line  (see  Section  6.4.  2.  6).  The  bulbous 
growth  of  the  canopy  is  continuous  through  most  of  the  reefed  interval. 

After  dis reefing, the  canopy  is  only  partially  inflated  when  the  force  passes 
its  second  peak.  The  rebound  following  full  inflation,  attended  by  a  dip  in 
the  force  trace,  clearly  demonstrates  the  tendency  of  the  added  air  mass 
to  decelerate  at  a  lower  rate  than  the  parachute  system.  (See  Section  2. 1.4. ) 


*  All  tests  were  performed  at  the  DO D  Joint  Parachute  Test  Facility, 
£1  Centro,  California 
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Figure  33.  Opening  Forces  Correlated  with  Canopy  Shape,  Gemini  84.2  ft  D0  Rings  ail  Reefed  10.  5%  D4 
for  8  Seconds,  Deployed  at  272' fps  (TAS).  at  9630  Feet  Altitude  (Weight.  _  =  4450  lb) 


H 


Test  Vehicle  Weight  =  17,  720  lb  13%  Reefing 


39,  000  at  38,  500  at 


Note: 


Parachute  1  Full  Open  at  22.  56  sec 
Parachute  2  Full  Open  at  15.  16  sec 


Key 

— —  ■  ■■■  --  Total  Force 

- - —  Parachute  1 

.........  parachute  2 


Figure  35.  Opening  Force -Time  History  for  Cluster  of  Two 

1 28.  8  ft  D0  Ringsails  Reefed  13%  Dc  for  8  Seconds, 
Deployed  at  299  fps  (TAS)  at  10,  246  Feet  Altitude 
(Weight  =  1 7.  720  pounds) 
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Test  81- 


Opening  Force  -  Time  History  for  a  Cluster  of  Two  85.  6  ft  D0  Modified  Ringsails  with 
Two  Stages  of  Reefing  Deployed  at  167  KEAS  at  10,  000  feet  Altitude  (Weight  =  12,  989  pounds) 
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3.  3  FILLING  INTERVALS  (TIME,  DISTANCE,  Kf) 

3.  3. 1  Filling  Time  and  Kf 

Derivation  of  the  filling  time  equation  used  in  Ringsail  parachute  analysis 
is  given  in  Section  6.  2. 

Test  data  for  the  filling  intervals  of  the  Ringsail  parachute  with  one  stage 
of  reefing  are  given  in  Table  XIII  in  terms  of  time  and  the  dimensionless 
constant,  Kj=A  tj  vj/(^2^2  ■  ^2)»  along  with  those  of  the  85.  6  ft  DQ 

modified  Ringsail  used  in  the  Apollo  Block  U  system.  Evaluation  of  a  good 
J  average  for  the  latter  parachute  was  handicapped  by  the  lack  of  adequate 

data.  However,  a  comparison  of  the  average  values  of  Kf  obtained  shows  a 
30  percent  shorter  reefed  filling  interval  and  a  54  percent  longer  filling 
interval  after  disreefing,  which  confirms  the  estimate  made  (page  50),  that 
the  reefed  filling  time  was  shortened  and  the  disreefing  filling  time  increased 
by  50%.  The  data  given  in  Table  XIV  show  that  when  the  same  parachute  is 
j  reefed  in  two  stages,  Kf  for  the  first  and  final  stages  is  altered  significantly. 

|  The  stage  1  filling  characteristic  approaches  that  of  the  unmodified  models 

I  and  the  filling  interval  after  disreefing  becomes  shorter;  both  are  close  to 

|  91  percent  of  the  averages  for  the  standard  Ringsail.  Of  course,  the  magni- 

!  tude  of  the  stage  2  reefing  ratio  is  the  governing  factor  and  its  effect  needs 

l  to  be  determined  over  a  broader  range. 

i  Data  for  the  leading  canopy  of  the  Century  Ringsail  cluster  are  included  in 

1  Table  XIII  because  it  appears  to  have  filled  at  the  normal  rate.  This  was 

not  the  case  for  selected  Apollo  cluster  tests  examined  and  so  may  be  an 
[  atypical  event. 

|  3.  3. 2  Filling  Distance 

] 

jj  The  actual  distance  traveled  by  the  parachute  while  it  is  filling  may  be  a 

matter  of  critical  importance  in  low  altitude  operations.  Measured  filling 
distances  of  two  Century  Ringsails  and  the  85. 6  ft  DQ  modified  Ringsail  are 
given  in  Table  XV.  Data  for  the  unsuccessful  127  ft  D0  bi-conical  model 
are  presented  as  pertinent  to  the  effects  of  different  porosities  and  reefing 
ratios  on  the  distance  traveled  during  the  reefed  interval  (where  the  con¬ 
structed  shape  of  the  canopy  has  little  influence).  Crown  geometric  and 
canopy  total  porosities  are  given  in  Table  XVI. 


See  Section  6.  2. 6  for  derivation, 
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TABLE  XIII 


COMPARISON  OF  FILLING  INTERVALS  OF  STANDARD  RINGSAIL  PARA¬ 
CHUTES  AND  THE  85.  6  ft  D0  MODIFIED  RINGSAIL  OF  APOLLO  BLOCK  II 


Do 

(fU 

Xgc 

(%S0) 

Reefing 

Atf  -(sec.) 

I  V!  -(fps) 

Kf _ 

Test 

No. 

!%  Do) 

At(aec.) 

Reef 

Disreef 

Reef 

Disreef 

Reef 

Disreef 

128.8 

2.08 

12.5 

8 

2.33 

2.44 

2.69 

2.40 

3. 00 

2.67 

380 

368 

299 

104 

98.3 

101 

37.3 

37.4 

37.2 

3.41 

4. 36 

4. 14 

6 

7  A 

8  A 

88.1 

1.50 

11 

6 

2.1 

1.8 

1.7 

2.4 

2.2 

3.3 

3.4 

3.4 

2.3 

3s  3 

315 

375 

380 

283 

305 

- 

37,0 

37.7 

36. 1 

38.0 

37.5 

- 

A 

84.2 

1.28 

10.5 

_ 

8 

_ 

(.95  - 
1.48) 

(1.41  - 
2.43) 

(1.37  - 
3. 10) 

(265  - 
453) 

m 

■  .■■■Ml 

(150  > 
375) 

(96. 4  - 
109) 

(94.2  - 
116) 

37.4 

4. 76 

5.44 

A 

A 

63.1 

1.40 

10  .  14 

4-6 

(.  5  - 
4.25) 

(.3-5) 

(90  - 
154) 

Ok 

m 

A 

85.6 

7. 04 

9.5 

(mld- 

gore) 

8 

L 

.82 

1.90 

1.67 

2.62 

2.20 

432 

240 

281 

140 

137 

21.5 

27.8 

28.6 

7. 45 

6.15 

• 

70-1  A 

70-2 

30-2 

i 

..  .  1 _ _ 

26.0 

6.80 

Averages 

Standard  Ringsatl  Averages 

37.3 

4. 42 

NOTES:  &  Two  gorts  partially  split  after  disreef. 

Leading  canopy  of  two  in  clutter. 

Typical  teats  of  PDS  1226  version  (Sts  Figure  85)  performed  in  1962. 
a  The  velocity  at  dtsreef  was  not  recorded. 

“  Averages  for  10  development  tests  performed  in  1063. 

&  Average  for  10  qualification  tests  performed  in  1964.  The 
reefed  filling  time  was  not  recorded. 

Reported  Mercury  filling  time  data  are  not  useable  because  they  fail 
the  constant  filling  distance  test  in  a  way  that  reflects  use  of 

A  inadequate  mensuration  techniques. 

These  may  be  considered  representative  tests.  All  are  single  parachutes 
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TABLE  XIV 
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TABLE  XVI 


RELATIVE  FILLING  DISTANCES  OF  LARGE  RINGSAIL  PARACHUTES 


— 

Reefing 

_ (%Dol _ 

iHH 

ASf/Do 

EM 

R1 

R2 

19 

XT 

R1 

R2 

DR 

128.8 

12.5 

- 

2.08 

9.  77 

5.25 

m 

1.40 

127 

11 

- 

2.81 

10.51 

3.78 

- 

- 

13 

- 

3.20 

«** 

- 

16 

5.22 

- 

1.00 

85.6 

8.0 

21.3 

?.  04 

12. 54 

6.92 

1.0 

1.31 

8.2 

23.4 

7.38 

1.44 

«* 

9,3 

24.2 

7. 82 

1.51 

1.08 

\  ■■  . . 

26,0 

— U 

1,33 

1.02 

Because  the  average  velocity  during  initial  inflation  of  the  canopy  it  high,  moat 
of  the  distance  traveled  is  covered  during  reefed  stage  1;  also  the  effects  of 
small  differences  in  filling  time  are  amplified,  which  emphasises  the  impor¬ 
tance  of  taking  every  measure  possible,  to  regularise  the  opening  process  and 
eliminate  random  delays  in  the  initiation  of  canopy  inflation.  At  the  other  end, 
the  distance  traveled  after  disreefing  is  very  short,  scarcely  more  than  the 
nominal  diameter  of  the  canopy  as  shown  in  Tabls  XVL  Here*  the  relative 
filling  distance  in  canopy  diamaters  is  another  dimensionless  form  of  the 
Ringtail  filling  interval  that  has  been  particularly  useful  in  the  analysis  of 
minimum  altitude  recovery  trajectories.  Additional  tsst  measursmsnts  are 
needed  at  very  low  deployment  velocities  to  determine  whether  the  total  filling 
distance  of  non -reefed  parachutes  is  under  such  conditions. 

Of  course,  with  a  reefed  canopy  the  distance  traveled  during  the  reefed  inter¬ 
val  is  a  substantial  increment  added  to  the  total.  At  high  speeds  this  can  only 
be  minimised  by  reducing  the  reefed  interval  to  the  shortest  time  allowed  by 
the  design  limit  cese.  At  low  speeds,  if  the  reefed  interval  is  no  longer  than 
two  or  three  seconds,  the  normally  slower  filling  rate  of  the  canopy  may  em¬ 
brace  the  reefed  interval  to  the  extent  that  the  canopy  inflates  as  though  non- 
.  reefed. 
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3.4 


STABILITY 


The  principal  mode  of  instability  exhibited  by  the  Ringsail  parachute,  like 
that  of  any  other  circular  parachute,  is  described  as  a  "pendular"*  oscil¬ 
lation  in  which  the  axi6  of  the  descending  system  describes  a  series  of 
alternating  angular  deflections  in  random  directions  from  the  vertical.  Be¬ 
cause  the  center  of  gravity  of  the  system  with  added  air  mass  is  generally 
closer  to  the  canopy  than  to  the  suspended  load, the  similarity  to  a  pendulum 
is  marked  (when  the  out-of-plane  components  of  the  motion  are  not  clearly 
evident).  The  actual  deflections  of  the  system  axis  in  three-dimensional 
space  may  be  characterized  as  an  irregular  "coning"  oscillation  (Figures 
39  and  41).  When  the  coning  motion  becomes  roughly  circular  it  tends  to  be 
sharply  periodic  and  this  mode  has  been  observed  occasionally.  (Figure  42). 

Synchronous  phototheodolite  measurements  from  several  stations  have  en¬ 
abled  both  amplitude  and  direction  of  axial  deflections  of  some  recent 
Ringsail  parachute  systems  to  be  determined,  as  indicated  in  the  Figures. 
Most  early  measurements  obtained  from  motion  picture  records  indicated 
angular  deflections  in  the  plane  of  the  picture  only  (Figure  40)  but  in  some 
cases  out- of- plane  data  was  obtained  by  scaling  the  changing  ellipsicity  of 
the  canopy  skirt  and  correcting  the  result  for  the  angle  of  elevation  at  which 
it  was  viewed. 

The  average  amplitude  of  pendular  oscillation  (§)  characteristic  of  different 
Ringsail  parachute  systems  during  steady  descent  is  given  in  Table  IX.  It 
will  be  seen  that  0  *7  degrees  is  a  fairly  typical  average.  In  normal  descent 
the  amplitude  of  oscillations  varies  widely  in  a  radom  manner  as  influenced 
by  atmospheric  disturbances  (wind  gradients,  thermal  currents,  turbulence 
and  gusts)  so  that  occasional  excursions  of  up  to  three  times  the  average 
may  be  encountered  (Reference  10),  However,  the  Ringsail  damping  charac¬ 
teristic  is  strong  enough  to  reduce  greater  than  average  oscillations  to  small 
amplitudes  in  approximately  one  full  cycle.  Also  it  is  not  unusual  for  well- 
balanced  systems  i:-  descend  steadily  without  perceptible  oscillation  for 
protracted  periods  (e.  g.  see  the  note  in  Figure  40). 

Undamped  oscillations  of  large  amplitude  have  occurred  in  some  Ringsail 
parachute  systems  under  the  special  circumstances  described  in  Section 
0.  i,  7,  These  are  not  typical  and  resultant  problems  have  been  minimised 
by  design  revisions. 


*  A  word  coined  by  parachute  people  to  signify  a  pendulum-like  motion*  not 
necessarily  periodic  like  a  pendulum*  however. 


96 


Figure  39.  Pendular  Oscillations  of  ASSET 
29.  6  ft  D0  Kings  ail  During  Terminal  Des¬ 
cent  at  45.  5  fps  (EAS)  with  1115  Pounds 


ipresent  3  of  8  live  jump  tests 
ig  the  5  remaining  tests  were 


Figure  41.  Typical  Coning  Oscillation  Record  of  Gemini  84.2  ft  D0  Ringsail 
(Development  Test  No.  19) 


Distribution  curves  for  angular  deflection  of  the  Apollo  cluster  system  are 
shown  in  Figures  44  and  45.  These  are  not  typical  for  either  the  88. 1  ft  DQ 
standard  Ringsail  or  the  85.  6  ft  DQ  modified  Ringsail  but  they  are  indicative 
of  the  improved  stability  resulting  from  the  higher  total  porosity  of  the  latter. 
It  will  be  recognized  that  the  two  systems  in  Figure  43  are  not  quite  equiva¬ 
lent  because  the  average  rate  of  descent  of  the  modified  Ringsail  system  was 
13  percent  higher. 

The  stability  of  the  41  ft  D0  Ringsail  varied  from  system  to  system  and 
posed  some  unusual  problems.  The  B-58  escape  capsule  recovery  system 
parameters  fell  in  the  critical  Reynolds  number  range  (described  in  Section 
6.  2.  4)  where  oscillation  amplitudes  have  been  greatly  amplified.  With  a 
cylindrical  bomb  test  vehicle  the  averaged  measurements  of  seven  drop 
tests  showed  oscillation  amplitudes  greater  than  10*  41%  of  the  time,  greater 
than  15*  19%  of  the  time  and  greater  than  20°  6%  of  the  time.  The  maximum 
was  24*  and  the  average  11,4*  (Reference  28).  However,  with  the  "boiler¬ 
plate”*  capsule,  system  stability  was  observed  to  be  greatly  improved,  and 
an  average  amplitude  of  5  to  10  degrees  was  estimated  on  the  basis  of  limited 
test  data,  no  measurements  being  available.  Stability  of  descent  was  par¬ 
ticularly  important  to  the  B-58  capsule  operation  because  of  the  highly 
directional  type  of  impact  attenuation  mechanism  employed. 

hi  the  much  heavier  E-6  Satellite  capsule  system,  average  oscillations  of 
8  =  9  degrees  with  maximum  up  to  18  degrees  were  found  objectionable,  so 
the  suspension  lines  on  the  41  ft  D0  canopy  were  shortened  from  32  feet  to 
26  feet  and  limited  test  measurements  indicated  that  the  average  amplitude 
of  oscillations  had  been  reduced  to  approximately  6  degrees  with  maxima 
up  to  10  degrees.  However,  additional  tests  of  the  short  line  configuration 
performed  later  put  the  average  back  to  0=  9  degrees  with  maxima  up  to 
23  degrees.  It  should  be  noted  that  while  the  suspension  line  length  was  only 
0,  64  D0  and  no  risers  were  used,  the  effective  line  length  was  made  close 
to  0.  78  D0  by  spacing  the  line  attachment  points  some  distance  apart  on  the 
base  of  the  capsule, 

3.  5  REEFED  DRAG  AREA 

The  reefed  drag  area  of  Ringsail  parachute  expressed  in  the  nondimen sional 
form  CjjSr/CqSq  appears  to  vary  widely  from  system  to  system  for  a  given 
reefing  ratio.  How  much  of  this  variation  is  real  is  uncertain  because  if  the 
technical  difficulties  associated  with  getting  drag  area  measurements  during 


Designating  a  rugged  dummy  vehicle  usually  made  of  welded  steel  plate 
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Figure  43.  Statistical  Comparison  of  Angular  Deflections  of  Apollo  Two- 
Canopy  Clusters  of  Standard  and  Modified  Ringsails 
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unsteady  flight  conditions.  Theoretically  the  initial  reefed  drag  ar^a  (at 
Fft  max)  should  show  some  correlation  with  the  geometric  porosity  of  the 
crown  area  of  the  canopy  that  is  pressurized  at  that  time.  Along  with  this 
effect,  the  reefed  drag  area  at  disreef  is  dependent  to  some  extent  on  the 
duration  of  the  reefed  interval.  But  while  the  canopy  appears  to  fill  steadily 
at  a  low  rate  during  the  reefed  interval,  there  are  some  indications  that 
equilibrium  between  inflow  and  outflow  may  be  reached  after  a  short  time 
(3  to  4  seconds). 

In  view  of  these  sources  of  uncertainty,  the  typical  curves  relating  reefed 
drag  area  ratios  to  reefed  diameter  ratios  given  in  Figure  46  can  be  treated 
only  as  indicative  of  general  trends.  The  reefing  data  compiled  during 
various  Ringsail  development  programs  presented  in  Figures  47  through  49 
give  a  more  realistic  picture  of  the  performance  to  expect  under  similar 
conditions.  For  example,  the  data  obtained  from  the  Century  program 
(Figure  48)  shows  a  separation  that  correlates  with  the  crown  geometric 
porosities  of  the  two  canopy  designs.  However,  the  difference  between  the 
Mercury  and  Gemini  data  cannot  be  accounted  for  on  this  basis;  the  validity 
of  the  Gemini  data  is  suspect. 

At  Dr/Dq  =  0. 16  the  127  ft  D0  Century  parachute  is  seen  to  revert  to  the 
augmented  growth  characteristic  of  the  lower  porosity  128.  6  ft  DQ  model  at 
disreef.  Apollo  cluster  data  show  no  significant  difference  in  reefing  ratios 
relative  to  the  single  parachute  system. 

3.  6  OPENING  RELIABILITY  AND  REPEATABILITY 

The  opening  reliability  of  the  Ringsail  like  that  of  any  other  proven  para¬ 
chute  design  is  a  function  of  factors  unrelated  to  its  aerodynamic  properties. 
A  parachute  can  be  prevented  from  opening  by  faulty  rigging,  a  fouled  reefing 
line,  failure  of  reefing  line  cutters  to  fire,  and  extensive  damage  in  the 
crown.  One  of  the  sources  of  crown  damage  other  than  opening  shock  is  the 
whiplash  impact  of  a  broken  pilot  chute  bridle  or  attachment  link. 

A  faulty  pilot  chute  bridle  link  precipitated  the  catastrophic  failure  of  one  of 
the  127  ft  D0  bi-conical  Ringtails  reported  in  Reference  8.  A  broken  radial 
member  in  the  critical  pressure  area  of  the  crown  was  clearly  the  result 
of  a  whiplash  impact  following  failure  of  the  link  and  this  provided  the  focus 
for  a  ruptured  gore  that  subsequently  split  full  length  and  through  the  skirt 
band. 
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(b)  Apollo  Development  Test  Data  Averages 
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Figure  49  *  as.  6  ft  00  Ringtail  (Modified  >75%  of  Sth  Ring  Removed) 
with  Mid'Odti  Reefittg 


The  strong  opening  tendency  of  the  Ringsail  parachute  provides  added  insur- 
ance  that  once  deployed  it  will  inflate.  This  is  born  out  by  its  high  tolerance 
for  opening  damage  as  described  in  Section  3.  7. 

The  repeatability  of  the  Ringsail  opening  process  is  subject  to  the  same  ran¬ 
dom  variables  found  in  any  parachute  system  that  does  not  have  a  positive 
mechanical  means  of  opening  the  canopy  mouth  as  soon  as  it  is  exposed  to 
the  air  stream.  The  slack  fabric  in  the  skirt  area  flutters  in  and  out  between 
the  lines  according  to  no  fixed  pattern  such  that  the  initial  influx  of  air  is  ob¬ 
structed  in  varying  degrees.  It  is  known  that  the  flared  skirt  configuration 
augments  the  radial  opening  force  component  when  the  sails  flutter  outward, 
more  than  it  is  inhibited  when  the  sails  flutter  inward,  because  such  canopies 
open  reliably  with  a  higher  than  normal  total  porosity.  Also,  pocket  bands, 
by  limiting  the  inward  deflection  of  the  skirt  panels,  significantly  reduce 
random  delays  in  getting  effective  filling  started.  Stiffening  the  skirt  band 
is  believed  to  have  a  similar  effect  but  the  amount  of  stiffening  required  for 
useful  results  may  be  impractical  for  packing.  Initial  inflation  of  the  reefed 
canopy  is  also  promoted  by  vertical  restrictor  tapes  across  the  crown  slots. 

Insofar  as  the  Ringsail  parachuts  has  a  flared  skirt,  stiffened  skirt  band,  and 
tapes  across  the  crown  slots,  and  may  have  pocket  bands  to  meet  critical 
opening  requirements,  its  opening  process  can  be  said  to  be  more  repeatable 
ihan  that  of  other  types  of  parachutes  lacking  any  or  all  of  these  features.  A 
measure  of  such  repeatability  would  be  provided  by  statistical  evaluation  of 
the  time  lapse  between  line  stretch  and  first  opening  of  the  canopy  mouth  to 
form  a  positive  flow  inlet  in  a  series  of  tests  all  performed  under  identical 
conditions.  The  practical  obstacles  in  the  way  of  so  doing  are  considerable, 
and  such  a  survey  has  diver  been  made,  at  least  not  with  the  Ringsail  para¬ 
chute* 

Another  less  rigorous*  yet  meaningful,  measure  of  Ringsail  opening  repeat¬ 
ability  is  the  dimensionless  filling  interval,  Kp  given  in  Table  VIII*  Section 
3, 3*  Some  data  showing  the  variation  of  Kj  from  test  to  test  are  given  in 
both  Tables  V1U  and  IX. 

3.  7  TOLERANCE  FOR  DAMAGE 

Tolerance  for  damage  may  be  considered  an  unusual  criterion  of  parachute 
performance.  However,  the  ultimate  reliability  of  any  parachute  system 
hinges  on  the  ability  of  the  canopy  to  remain  inflated  and  limit  the  descent 
velocity  when  severely  damaged.  The  critical  area  for  opening  damage  is 
the  crown  where  an  excessive  outflow  of  air  can  prevent  inflation  from 
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progressing  beyond  a  low-drag  "squidding"*  configuration.  The  normal 
geometric  porosity  of  the  Ringsail  crown  is  between  1  and  2  percent  (Figure 
21).  Tests  performed  during  the  Apollo  ELS  parachute  development  program 
demonstrated  that  the  88. 1  ft  D0  Ringsail  would  inflate  reliably  with  a  crown 
geometric  porosity  of  kgC  =  8. 1  percent  of  which  6.  9  percent  was  concen¬ 
trated  in  ring  5  between  h/hR  =  .  37  and  .45.  This  is  equivalent  to  a  very 
heavily  damaged  canopy  because  strong  cloth  is  used  in  the  crown  rings. 
Normally,  the  area  of  critical  stress  is  lower  in  the  gore  between  h/hR  =  .53 
and  .  76. 

The  split  gore  is  a  more  typical  form  of  Ringsail  parachute  damage,  and 
two  gores  split  from  vent  to  skirt  will  not  cause  the  canopy  to  collapse,  nor 
is  the  rate  of  descent  increased  to  a  dangerous  level.  The  Ringsail  has  also 
remained  inflated  and  descend  safely  with  one  split  gore  and  both  vent  and 
skirt  bands  broken.  This  occurred  in  one  of  the  early  Apollo  development 
tests  of  very  lightweight  Ringsail.  The  canopy  split  (one  gore)  from  skirt 
to  vent,  including  skirt  and  vent  band.  During  descent  the  canopy  slowly 
unwrapped  itself  and  turned  inside  out,  forming  a  canopy  shape,  then  pro¬ 
ceeded  to  reverse  itself  and  formed  a  canopy  (right- side -out)  and  descended 
in  a  gliding  mode.  However,  in  the  most  cases  the  dynamic  rebound  from 
this  type  of  failure  is  so  violent  that  the  torn  edges  are  driven  too  far  apart 
to  recover  and  the  event  is  followed  by  canopy  collapse  and  streaming. 

A  partial  measure  of  the  Ringsail  parachute's  tolerance  for  damage  is  indi¬ 
cated  by  Figures  50,  51  and  52. 

A  split  gore  or  other  large  rent  in  the  canopy  may  have  as  its  point  of  origin 
a  minor  defect  or  rupture  in  a  region  that  is  subjected  to  critical  stress 
levels  during  inflation.  This  is  most  certainly  the  case  when  major  damage 
is  sustainod  by  a  parachute  of  sound  design  at  a  low  load  level.  Such  fail¬ 
ures  have  occurred  with  opening  loads  below  the  design  limit.  The  presence 
of  minor  damage  prior  to  inflation  is  also  highly  probable  when  the  major 
damage  originates  in  those  gores  of  the  canopy  identified  as  the  "packing 
axis"  (Gores  l,  N/2  ±1,  and  N),  because  the  gores  on  the  packing  axis  are 
on  the  outside  of  the  pleated  canopy  as  it  is  folded  into  the  deployment  bag. 
Therefore,  these  same  gores  are  the  ones  exposed  to  the  dynamic  effects 
that  cause  pre-opening  damage,  (Only  rarely  can  the  damage  be  traced  to 
faulty  packing  technique.)  The  damage  charts  of  parachutes  (large  ones  in 
particular)  which  performed  successfully  frequently  show  a  scattering  of 
minor  damage  and  friction  burns  across  the  canopy  with  a  greater  than  aver¬ 
age  concentration  in  the  gores  on  the  packing  axis.  The  number  of  such  de¬ 
fects  tends  to  be  a  direct  function  of  the  test  dynamic  pressure  at  deployment. 

*  A  term  coined  by  parachute  people  acknowledging  the  similarity  of  the 
streaming  canopy  configuration  to  that  of  the  familiar  marine  creature; 
however,  the  direction  of  motion  is  reversed. 


Ill 


Figure  50.  Mercury  63,  1  ft  D0  Ringsail  Damaged  By  Falling 
Compartment  Cover  During  Qualification  Test  - 
Salton  Sea,  California 
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Evidence  of  this  sort  compiled  during  the  Century  Ringsail  test  program 
supports  the  theory  that  pre -opening  damage  is  caused  by  dynamic  pressure 
blowouts  at  small  spots  in  the  canopy  that  have  been  temporarily  weakened 
by  frictional  heating.  Friction  burns  in  nylon  can  be  identified  after  the 
event  only  when  the  material  was  heated  to  the  melting  point.  In  such  spots 
embrittlement  occurs  after  cooling  and  the  material  has  no  strength.  But 
any  spot  that  was  heated  to  less  than  the  melting  point  cannot  be  identified 
afterwards  because  there  is  no  embrittlement  and  the  material  recovers 
most  of  its  original  strength.  Therefore,  it  is  logical  to  assume  that  the 
majority  of  small  pressure  bursts  found  in  the  canopy  without  brittle  edges 
were  earlier  hot  spots  and  that  were  exposed  to  dynamic  pressure  before 
they  had  time  to  cool.  Since  the  heat  capacity  of  nylon  cloth  is  very  small, 
it  is  clear  that  the  time  between  heating  and  exposure  must  be  very  short, 
i.  e. ,  of  the  same  order  of  magnitude  as  the  time  required  for  the  affected 
area  to  move  out  of  the  mouth  of  the  deployment  bag.  This  is  also  the  time 
during  which  the  outer  surface  of  the  canopy  is  rubbing  rapidly  across  the 
deployment  bag  lining. 

The  presence  of  pre-opening  damage  generally  across  the  canopy,  suggests 
that  inter-laminar  friction  is  the  primary  source,  while  the  concentration 
along  the  packing  axis  would  reflect  only  the  added  contribution  of  the  deploy¬ 
ment  bag.  Therefore,  it  is  not  something  that  could  be  controlled  effectively 
by  employing  a  reversible  lining  in  the  deployment  bag,  unless  measures 
were  also  taken  to  reduce  inter-laminar  friction.  The  other  approach  would 
be  to  prevent  penetration  of  high  pressure  air  into  the  canopy  until  the  deploy¬ 
ment  bag  has  been  stripped  off,  a  difficult  mechanical  problem  requiring  both 
zero  leakage  and  unfailing  release  at  canopy  stretch. 
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SECTION  4 


WEIGHT  AND  VOLUME 


4.  1  INDIVIDUAL  PARACHUTES  WITHOUT  RISERS 


Ringsail  parachute  weights  without  risers  are  listed  in  Table  IX  and  are 
plotted  in  Figure  53.  These  are  average  measured  values.  In  addition  to 
the  weights  shown,  12%  must  be  added  to  obtain  the  pack  weight  which  include 
risers,  links,  reefing  line,  reefing  cutters  and  deployment  bag.  The  weights 
presented  in  Figure  53  fall  into  three  categories  which  are  representative  of 
the  following  basic  structures. 


Light  Construction: 


Medium  Construction: 


Heavy  Construction: 


90%  SQ  of  1. 1  oz/yd2  cloth 

10%  SQ  of  1. 1  to  1. 6  oz/yd ^  cloth 

Suspension  lines  of  400-450  lb  cord 

85%  SQ  of  1. 1  oz/yd2  cloth  , 

1 5%  SQ  of  1 . 6  to  2.  25  oz/yd  cloth 
Suspension  lines  of  550-650  lb  cord 

75%  S  of  1, 1  oz/yd2  cloth  , 

25%  S0  of  2.  25  to  3.  25  oz/yd  cloth 
Suspension  lines  of  750-1000  lb  cord 


Parachute  volumes  vary  with  the  pack  density  6p  which  is  a  function  of  the 
packing  method  employed.  Average  pack  densities  also  are  given  in  Table  IX. 
The  installed  voluem  depends  on  the  weight  and  density  of  other  components 
stowed  in  the  deployment  bag  along  with  the  parachute  and  even  on  the  skin 
thickness  of  the  bag  itself. 


4.  2  LINE  TO  RISER  LINKS 

Table  XVII  presents  weights  of  some  of  the  line  to  riser  links  used  in  Ringsail 
parachute  assemblies. 


4.  3  RISER  ASSEMBLIES 


The  weight  of  riser  assemblies  varies  widely  from  system  to  system.  Table 
XVIII  presents  some  typical  examples. 
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I  SO  to  30  40  fit  H>  HO  too 

Cam  py  Diameter  (D^)  (II) 


NOTE:  Weights  from  Table  IX  (average  measured):  add  1 2%  to  obtain  pack 
weight  including  riser  links,  reefing  lines,  cutters  and  deployment  bag. 

Figure  S3,  Ring  sail  Parachute  Weight  vs  Diameter  (without  risers) 


TABLE  XVII 

TYPICAL  SUSPENSION  LINE  TO  RISER  LINK  WEIGHTS 


Pert  No*  or 
Drawing  No. 

Rated  Strength 
(lb) 

Weight 

(lb) 

Cape  we  11  101740 
(for  1  inch  webbing) 

6000 

.144 

MS  22021-1 

6000 

.184 

USAF  52B6660 

9500 

.190 

R7666-1  (Northrop) 

6650  (ULT) 

.267 

MS  24553-1 

23,  000 

.540 

TABLE  XVIII 


TYPICAL  RISER  ASSEMBLY  WEIGHTS 


1  ’  " 

System 

D 

0 

(ft) 

Part  No.  or 
Drawing  No. 

Lengths 

Branch  (ft)  {  Trunk  (ft) 

Weight 

(lb) 

Mercury 

63.1 

R5107-301 

3.5 

1 

0.5 

1.50 

Gemini 

84.2 

R6222 

1.1 

4.1 

1.82 

Apollo 

85.6 

R8061-1 

3.5 

1.3 

2.  50 

88.1 

PD5  1356-501 

3.5 

3.0 

5. 80 

Century 

128.8 

R7805-1 

3.0 

32 

_ I _ _ 

IB.  43  A 

A  This  riser  was  designed  for  cluster 
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4. 4  COMPLETE  PA  RAC  HUTE  SYSTEM 

Significant  statistics  on  the  weight  breakdown  of  Ring  sail  parachute  system 
components  are  summarised  in  Table  XIX  for  the  Mercury,  Gemini  and 
Apollo  spacecraft  landing  systems. 

TABLE  XIX 

WEIGHT  OF  SPACECRAFT  LANDING  SYSTEMS 


•YS- 

SUBSYSTEM 

QTY.  PER 

FABRIC 

OTHER 

TOTAL 

PER  S/C 

TKM 

8/C 

LB 

LB 

LB 

LB 

Drogua 

1 

t.l 

4.0 

11.1 

11.1 

9 

Pilot 

1 

2.4 

1.5 

4.3 

4.3 

o 

1 

43.3 

0,7 

70.0 

70.0 

8 

Ruim 

1 

47.0 

0.3 

47.3 

67.3 

Location  Aida 

1 

0 

4.5 

4.5 

4.5 

* 

Soqiancar 

1 

0 

9.0 

9.0 

9.0 

i 

Total* 

•t 

144.2 

22,0 

149.0 

169.0 

%  Racovavad  Weight: 

3 

6.»  Total 

6.  1  Without  Sawiaacor  t>  Location  Aida 

3, 4  Without  Backup 

Brugua 

1 

0.3 

47 

13.2 

13.2 

Pilot 

1 

•»9 

4.7 

13.4 

13.4 

9 

Main 

1 

US.  3 

1.4 

114.9 

114.9 

£ 

Diaconaecta 

3 

0 

2.0 

2,0 

4.0 

§ 

Baroa  witch 

2 

0 

1.3 

1.3 

2,6 

♦ 

1  1 

PatraMMl 

2 

17.0 

2.1 

19.1 

39.6 

1 

Total* 

IS 

M 

» 

191.9 

fl 

%  Waighu 

0 

4. 4  Total 

4*  2  Without  Baroawitchea  4  tttttaault 

3,3  Without  Backup 

thraguu 

2 

24.0 

23.2 

mm 

100.0 

9 

** 

o 

Pilot 

3 

MtSM 

4.3 

mmm 

30,0 

Main 

3 

iron* 

mm 

WEsm 

435,6 

Rutmtioa 

3 

m 

MM  ? 

i.i 

3,3 

s 

Saa  Si* 

1 

2.4 

2.6 

• 

2 

mm 

|S 

4.4 

112 

a» 

worn 

544. 7 

i 

(RtcawHi  Wolghu 

5 

4.  S  Total 

4. 4  Without  Saa  SUag  4  S*e»Mcara 

2.S  Without  Raduadaat  Qrogaa,  Pilot  4  Main 

f 
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SECTION  5 


DESIGN  PROCEDURES 

Tha  design  procedures  outlined  in  this  section  are  applicable  to  Ringsail 
parachutes  of  all  sices.  The  solution  of  a  sample  design  problem  is  given 
in  Appendix  C.  The  design  of  a  Ringsail  parachute,  like  that  of  any  other 
type,  is  carried  out  along  two  parallel  courses  --  geometric  and  structural 
--with  some  interplay  between  them  aimed  at  one  or  more  of  the  following 
potential  objectives: 

a.  Minimum  weight 

b.  Maximum  specific  drag  area  (CjjS/Wp) 

c.  Maximum  structural  reliability 

d.  Facility  of  manufacture 

System  operational  requirements  for  the  parachute  yield  basic  design 
criteria  which  may  include  the  following: 

a.  The  maximum  allowable  rate  of  descent  at  a  given  altitude, 

b.  Maximum  allowable  opening  load  or  load  factor. 

e.  Maximum  or  average  amplitude  of  pendular  oscillations. 

d.  installed  weight  and/or  volume. 

e.  Maximum  allowable  elapsed  time  from  deployment  to  full  open 
under  a  given  eel  of  conditione, 

L  Geometrical  factors  affecting  the  lengths  of  suspension  lines 
and  risers, 

g.  Type  of  deployment  system. 

h.  Type  of  reefing  system. 

Usually  some  of  these  criteria  are  given  greater  weight  than  other,  soma 
may  be  set  up  only  as  design  goals,  and  in  arena  of  possible  conflict  an 
order  of  precedance  may  be  established. 


The  decision  to  um  a  cluster  of  parachutes  rather  than  one  parachute  is 
made  on  the  basis  of  preliminary  design  calculations  and  tradeoff  studies. 
With  the  exception  of  specific  details  to  be  identified,  the  design  procedure 
for  the  cluster  Ring  sail  is  the  same  as  that  for  the  single  parachute. 

Design  of  the  parachute  proper  is  preceded  by  a  number  of  preliminary 
computations.  System  true  airspeed  and  free  stream  dynamic  pressure  at 
parachute  line  stretch  and  at  disreef  for  each  reefed  stage  are  determined 
for  given  design  conditions  by  trajectory  computations  using  a  digital  com¬ 
puter  program  of  the  type  described  in  Section  6. 1.  The  sire  of  the  para¬ 
chute  or  cluster  is  determined  by  calculating  the  total  effective  drag  area 
(SCqS)  required  using  the  method  given  in  Section  6.  2. 1  along  with  the 
applicable  drag  coefficient  (Cj^)  determined  from  Figures  22  through  26, 
as  follows: 


a.  Enter  Figure  22  with  the  design  rate  of  descent,  and  estimated 
suspension  line  length  and  estimated  DQ  range  and  read  CD  , 
interpolating /#/D0  as  required.  ° 

h  Calculate  S0  and  D0  to  verify  elae  of  single  canopy. 

c.  Enter  Figure  23  with  Do  to  vorify  CDq  for  fe/D0  «  1. 15. 

d.  For  effective  line  lengths  other  than/t/D0  -  1.15, 

enter  Figure  24b  with  design  value  and  read  Cq  (Cq  *,  where 
C|j0*  ie  the  value  foritt/D0  a  1,15,  °V 

e.  If  the  crown  geometric  porosity  is  significantly  higher  than 
standard  for  tha  design  as  given  in  Figure  21,  consider  the 
need  for  a  Cn  correction  derived  from  Figure  25,  with  due 
allowance  for  the  specialised  nature  of  the  source  data  given. 

L  For  clusters,  use  Figure  26  to  determine  Cp  /Cp  *.  where 
Cp  *  ie  the  single  canopy  value  derived  from°»teps  (a)  through 
(a)  above. 

Design  limit  loads  of  siagts  and  clustered  canopies  are  calculated  by  the 
method  given  in  Section  6,  3. 1.  When  design  safety  factors  are  not  given 
in  the  syetem  specification,  those  given  in  Section  5.  2  should  be  used  for 
preliminary  estimates.  The  overall  design  factor  is  calculated  a* 

D,  F«  -  5.  F.  JApt  The  components  of  the  allowable  load  factor  (Ap)  are 
given  in  Section  6. 4. 1 . 


i 

•  I 

U  should  h«  noted  that  moot  of  the  empirical  method*  given  for  Ringtail 
parachute  design  are  derived  from  tests  in  which  unit  canopy  loadings  were 
in  the  order  of  W/CqS  =  0.  5  to  1.  5  psf;  uncertainty  as  to  their  accuracy  will 
be  greater  for  systems  having  lower  or  higher  unit  loads. 

5. 1  CALCULATION  OF  BASIC  DIMENSIONS 

The  aerodynamic  analysis  through  determination  of  the  required  effective 
drag  area  and  applicable  drag  coefficient  defines  the  drag  surface  area  (SQ). 
This  provides  the  basis  for  the  bulk  of  the  basic  dimension  calculations. 
Salient  aspects  of  the  design  procedure,  summarised  in  Figure  12,  are 
repeated  here  in  greater  detail*  each  discrete  step  being  numbered  for 
clarity. 

1.  •  Calculate  the  nominal  diameter  of  the  canopy 

^  ,  ,  D  =<4S/*)I/2  2 

o  o 


2,  '  Determine  the  number  of  gores  as  a  convenient  even  number  divisible 
by  the  number  of  riser*  for  good  structural  design  between  N  -  ,  76  D0  and 
N  =  ,  88  D0«  with  D0  expressed  in  feet.  Since  the  number  of  suspension  lines 
is  equal  to  the  number  of  gores,  structural  efficiency  will  be  bene  fitted  if  the 
product  NPg  is  about  five  percent  greater  than  the  product  (D.  F. )  F^im* 
obtained  from  the  structural  analysis  (see  Section  6. 4).  The  margin  allowed 
for  future  growth  depends  on  the  firmness  of  the  design  criteria  and  so  me- 
what  on  the  availability  of  textile  cords  of  the  proper  rated  strength  (Pg), 
However,  the  possibility  exists  fend  lias  been  taken  advantage  of)  of  u prating 
the  strength  of  some  mil-run*  of  “MIL  Spec*4  materials  by  performing 
acceptance  tests  to  ensure  compliance. 

3»  Calculate  the  length  of  the  suspension  lines. 

j»  . 

ii 

l 

M  * 

where 


W1* 


i  1.15  D 

e  o 


3 

4a 


and  the  riser  length  (Ig)  is  any  convenient  number,  usually  between  2  and 
4  feet.  For  two -canopy  c  luster#  the  recommended  effective  line  length  is 


*  V2  D 

=  0 


4b 


a 
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and  lor  three  canopy  clusters  of  high  efficiency 


/  ”  ^3  D  4c 

*e  o 

might  be  justified  by  a  tradeoff  study  of  length  vs  Cjj  to  obtain  a  cluster  of 
minimum  weight  for  a  given  SCq S,  as  was  done  for  single  parachutes  in 
References  5  and  35. 


Make  certain  that  the  drag  coefficient  used  in  the  aerodynamic  analysis 
was  based  on  the  effective  line  length  selected, 

4.  Calculate  the  gore  height  equal  to  the  canopy  radial  dimension. 

=  0,  519  Dq  (see  Figure  12)  5 

For  convenience  this  dimension  is  rounded  off  to  the  nearest  inch. 


5.  Calculate  the  combined  area  of  the  central  vent  and  the  ring  slots  in 
the  crown  of  the  canopy. 


S 

o 


6 


Where  XgC  Ip  read  from  the  top  curve  of  Figure  21  at  the  pertinent  D0, 

6,  Select  the  woven  width  (hw)  of  cloth  to  be  used  in  the  sail®.  Integral 
widths  of  IB,  24,  36  and  42  inches  have  been  used  depending  in  part  on  the 
siac  of  the  parachute.  However,  the  use  of  42  inch  cloth  may  not  be  desirable 
since  models  with  36  inch  sails  ranging  from  a  56,  Z  to  128,  8  feet  have 
exhibited  very  satisfactory  performance.  Select  a  width  such  that  the  number 
of  sails  In  the  final  gore  layout  is  not  less  than  nine.  Note  that  at  sail  number 
1  allowance  must  be  made  for  folding  under  the  vent  hand  an  shown  in  Figure 
to  in  Section  7. 

?.  Determine  the  vertical  spacing  of  sails  in  the  gore.  This  is  neces¬ 
sarily  an  iterative  procedure,  initiated  by  making  a  rough  estimate  and  then 
refined  by  subsequent  steps  of  adjustment  and  computation.  >n  general  the 
number  of  sails  (h)  is  the  nearest  whole  number  less  than  hj^/ty  but  when 
D(j  J*1  Ob  feet  the  number  of  sails  is  one  less  than  this.  Since  the  top  sail  is 
usually  narrower  titan  hw  the  number  of  full  sails  (ny)  is  approximately 

(hl;/k  -  M. 

VK  w 

Note  in  Figure  1 2  that  the  ring  slots  in  the  crown  of  the  canopy  extend  to 
approximately  0.4  h^.  Assume  that  the  number  of  slots  (itg)  is  the  nearest 
integer  Jess  than  (0.4  hs  /h  )  »  I, 


a.  Determine  the  number  of  sails  and  number  of  ring  slots  with  the 
above  relationships.  Let  the  vent  dimension  be  any  convenient 
number  between  hy  =  0.  02  DQ  and  0.  03  D0  rounded  off  to  the 
nearest  inch.  Estimate  the  slot  width  dimension  (Ah^)  by  defining 
a  mean  slot  as  follows: 


g' 


•  Let  the  position  of  the  mean  slot  be 

h-  =  {.4h_  -  h  )/2  +  h 
g  Tl  v  v 

•  Then  the  length  of  the  mean  slot  is 


C  =6.44  (hD/N)  sin  (h_/h_)  54*  (Figure  12) 
g  »  g  a 

The  open  area  per  gore  is  ES^/N  (See  step  5) 


Estimate  the  area  of  the  vent  sector  and  calculate  the 

area  of  the  mean  slot  in  one  gore  S  =  f(2S  /  N)  -S  1/n 

6  g  1  gc  v*  g 

—  . .  _  area  of  mean  slot  s  .~ 

Then  Ah  - TT  “S  /C 

g  length  of  mean  slot  g  g 


Present  best  practice  is  to  make  all  slots  the  same  width  because  experience 
gained  from  the  Apollo  fUngsail  development  program  demonstrated  that 
having  slot  widths  inversely  proportional  to  the  ring  diameter  was  a  needless 
complication. 

The  final  step  in  completing  the  first  approximation  of  the  sail  spacing  is  to 
calculate  the  height  (hj)  of  the  top  sail  as  the  difference: 

hl  “  \  •  !bf  \r  *  "*  *  V  9 


This  dimension  will  usually  be  less  than  the  woven  width  of  the  cloth  and  is 
rounded  off  to  the  nearest  inch.  Allow  2. 6  inches  for  the  vent  hem  as  shown 
in  Figure  70. 

b.  The  second  approximation  begins  by  making  any  dimensional  ad* 
juslment*  that  appear  necessary  upon  appraisal  of  the  following: 

•  Is  the  height  of  the  top  sail  too  wide  or  too  narrow? 
if  too  wide,  consider  adding  one  sail  to  the  layout, 

If  too  narrow,  consider  reducing  the  vent  diameter. 
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Compare  the  radial  position  of  the  mean  slot  obtained  from 
the  calculated  dimensions  with  the  first  estimate.  This 
will  indicate  whether  the  slot  width  should  be  increasod  or 
decreased.  This  step  is  clarified  by  the  numerical  example 
given  in  Appendix  C. 

After  making  the  dimensional  adjustments  indicated,  check  the  size  of  the 
central  vent.  Because  the  average  Ring  sail  vent  is  relatively  small,  there 
is  considerable  latitude  in  the  area  acceptable.  The  following  criteria  may 
be  applied;  only  one  need  be  satisfied. 

S  /S  =  .0015  to  .0035  {Lets  =  *Dv2/4) 

VO  V  V 

h  /D  =  .  02  to  .  03 
v  o 

C  =  2.  0  to  2.  5  inches 
v 

An  approximate  vent  diameter  is  obtained  from 

D*  *  1.  932  h  10a 

v  v 

The  finished  vent  diameter  is 

D  =  N  C  /tv  10b 

V  V 

and 

S  =  it  D  1 14  11 

v  v 

Note  that  the  vent  diameter  is  not  increased  by  the  fullness  factor  because 
the  vent  lines  are  marked  to  hold  this  dimension,  causing  the  vent  band  to 
arch  upward  between  radials.  In  order  to  prevent  the  vent  band  from 
shrinking  the  vent,  it  is  rra  rked  under  nominal  tension  to  a  dimension  Cy 
based  on  its  outside  diameter  which  is  close  to  Dv  +  Z  inches  for  a  1  inch 
band.  An  additional  allowance  for  takeup  due  to  thread  tension  in  the  seams 
may  be  made. 

With  the  preliminary  crown  geometry  thus  defined,  the  geometric  porosity 
is  calculated  and  compared  with  the  value  obtained  in  step  5.  Note  that 
this  computation  entails  determination  of  the  gore  width  at  each  slot  in 
place  of  a  mean  slot  length. 


(LetC  =  wD  /N) 
v  v 


c.  The  result  will  indicate  the  adjustment  to  be  made  in  the  slot 
width.  If  the  adjustment  is  large,  the  number  of  slots  may  be 
increased  or  reduced  by  one.  Since  these  changes  also  change 
the  radial  spacing  of  the  slots  in  the  gore,  the  third  approxima¬ 
tion  consists  of  repetition  of  all  the  operations  required  to 
verify  the  crown  geometric  porosity.  If  good  agreement  with 
the  desired  design  value  is  obtained,  say  within  ±5  percent,  no 
further  dimensional  adjustments  need  be  made  the  vertical 
spacing  of  the  sails  in  the  gore  is  determined. 

8.  Calculate  the  gore  coordinates  at  the  upper  and  lower  edges  of  the 

sails. 

C  =  6.44  (h  /N)  sin  (h/h  )  54*  (from  Figure  12)  12 

K  K 

These  are  the  coordinates  of  a  truncated  ogival  surface  having  the  construc¬ 
ted  profile  illustrated  in  Figure  1  Sc.  Mathematically  and  geometrically, 

-it  is  the  equivalent  of  a  spherical  surface  with  small  sector,  i.  e. ,  several 
“gores”,  removed  and  the  cut  edges  joined  together. 

9.  Determine  the  fullness  factors  and  Kg  using  the  diagram  showing 
how  K  varies  with  h/hj^  for  the  upper  and  lower  edges  of  the  sails  in 
Figure  54. 

10.  Calculate  the  widths  of  the  sails  at  the  upper  and  lower  edges. 

ca  =  kac  Ua 

Cb  =  kbC  13b 

These  are  the  distances  between  the  centerlines  of  the  radial  seams. 

11.  Calculate  the  sum  of  the  areas  of  vent,  slots  and  sails  to  verify  S0. 

s  =  s  +  ss  +  es 

o  v  g  s  14 

The  area  of  each  slot  or  sail  is  calculated  as  the  product  of  its  height  and 
its  mean  length 

4 

AS  =  Ah  (CA  +  CB)/2  15 

And  the  area  of  each  ring  is  simply  NjAS). 


It-a’LH'.-1  V.  \! 


. -n 


I 
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The  value  of  SQ  thus  obtained  usually  is  slightly  different  from  the  design 
value  and  the  nominal  diameter  is  corrected  to  reflect  the  difference. 
However,  there  is  no  pressing  peed  to  correct  the  design  drag  area  (CDS0) 
because  the  change  is  small  relative  to  the  probable  accuracy  of  the  drag 
coefficient. 

12.  Calculate  the  sail  pattern  dimensions.  Seam  allowances  are  added 
for  the  radial  fell  seams  and  the  rolled  hem  on  the  upper  edge  of  Sail  No.  1. 
The  allowance1  made  for  the  1/2  inch  fell  seam  shown  in  Figure  1 1 ;  is  0.  8 
inches  or  1. 6  inches  for  two  overall.  The  allowance  made  for  a  1. 0  inch 
rolled  vent  hem  is  +2.  0  inches  on  the  height  of  Sail  No.  1,  With  reference 
to  the  pattern  diagram: 

1  .  I  • 


Hj  =  hj  +  2. 0  (inches)  ; 

! 

H2  to  Hn  r  (woven  width)* 

A  a  Ca  4-  1.6  (inches)1 
B  =  Cg  +1.6  (inches) 

i  i  i 

The  upper  edge  of  Sail  No.  1 

I 

Ai  =CA  +  1.6 -AC  ' 

1  i 

Where  AC  is  the  change  in  width 
over  the  2  inch  seam  allowance. 

'  .  I 

i 

,13.  Calculate  the  gore  assembly:  height:  h  =  h  -  h  16 

&  V 

*  1  I  } 

I  ) 

i  This 'completes  the  basic  dimension  schehie  and  the  lengths  of  all  components 
are  determined.  1 


I 

»  i  . 

1  1  1  **‘  ■'  i  >m— m, — 

e  1  1  ^ 

Note  that  ftw  is  subject  to  a  manufacturing  tolerance  which  is  shown  on  the 
pattern  drawing' only,  i  All  calculations  are  based  on  the  nominal  width  which 
'  is  the  minimum  value;  eg. ,  hw  =  36  i  /2  *1/2  inches  for  a  nominal  widtjh  of 
36  inhhes.i  i 
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5.2  SELECTION  OF  MATERIALS 


Selection  of  materials  is  based  partly  on  experience  and  partly  on  a  pre¬ 
liminary  stress  analysis  employing  empirical  formulae  to  estimate  the 
strength  of  materials  required.  The  stxucture  so  defined  provides  a  basis 
for  weight  calculations  and  for  a  detailed  stress  analysis  by  more  rigorous 
methods  supplemented  by  laboratory  strength  tests.  The  results  may  dic¬ 
tate  changes  in  the  weight  of  cloth  and  in  the  rated  strengths  of  other  mem¬ 
bers  with  a  consequent  revision  of  the  weight  estimate. 

The  stress  analysis,  more  properly  called  an  internal  loads  analysis,  is 
based  on  limit  opening  loads  applied  by  the  parachute  to  the  attached  vehicle 
through  the  main  riser.  These  design  limit  loads  are  supplied  by  the  loads 
analysis  and  may  be  different  for  each  opening  stage.  Since  the  shape  of 
the  reefed  canopy  differs  greatly  from  the  shape  of  the  disreefed  canopy  at 
the  instants  of  peak  loading,  a  separate  internal  loads  analysis  must  be 
made  for  each  opening  stage. 

A  preliminary  selection  of  materials  may  be  made  without  going  into  the 
various  factors  affecting  the  allowable  strengths  because  a  suitable  design 
factor  can  be  estimated  for  any  safety  factor  required.  For  example,  com¬ 
monly  specified  safety  factors  are  1.  5  for  canopy  and  lines  and  2.  0  for 
risers.  Corresponding  design  factors  for  a  sound  lightweight  parachute 
structure  are:  (Reference  Section  6.  4. 1). 

D.  F.  -  1.9  (canopy  and  lines) 

D.  F.  =  2.  5  (risers) 

Very  conservative  structures  of  mid-  to  heavy-weight  are  obtained  with 
design  factors  of  2. 1  to  2.  3  for  canopy  and  lines.  The  actual  weight  class 
of  the  structure  also  depends  on  the  magnitude  of  the  opening  load  factor. 

The  required  minimum  rated  unit  strength  (P'r)  of  the  textile  member  is 
determined  as  the  product  of  the  design  factor  and  the  maximum  or  critical 
internal  load 

P'  =(D.  F.)T  17 

Jt  c 

and  it  is  good  practice  to  select  the  lightest  available  material  for  which 
the  rated  strength 

PR  .  P'R  18 
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The  following  empirical  formulae  provide  a  convenient  basis  for  the  pre¬ 
liminary  calculation  of  internal  loads  and  the  required  strength  of  materials. 
(See  Section  6  for  derivations. ) 


Canopy  cloth:  T  =  F.  faD 

C  Li  p 

19 

Suspension  line  cord:  T^=  F^/N 

20 

5.  2. 1  Canopy  Cloth 

The  projected  diameter  of  the  canopy  at  the  instant  of  F.  =  F  (max)  during 
inflation  is 


Dn  =  (4  S  h) 
P  P 


1/2 


21 


where 


s  =  c  S/C 
P  D  D 


22 


and  CQS  is  derived  from  trajectory  calculations  for  reefed  stages  and  Cp 
comes  in  Figure  55.  (See  Section  6.  2.  3)  P 

It  can  be  assumed  that  the  reefed  opening  load  reaches  its  peak  at  the  end  of 
reefed  inflation,  but  on  disreefing  the  load  peak  occurs  prior  to  full  inflation. 

Fortunately,  only  the  reefed  condition  is  critical  in  the  great  majority  uf 
cases,  because  for  many  years  the  lightest  available  parachute  cloth  has 
been  more  than  strong  enough  for  the  major  area  of  the  canopy  outside  the 
crown.  Therefore,  the  problem  is  reduced  to  a  simple  determination  of 
how  much  of  the  crown  area  should  be  made  from  cloth  stronger  than  1, 1  oz 
Ripstop  (normally  rated  at  42  ib/in).  (See  Table  XXIV  in  Section  6.  5. ) 

The  maximum  reefed  opening  load  obtained  from  the  loads  analysis  is  based 
on  a  particular  reefed  drag  area  (CqS^).  For  rough  calculations  it  may  be 
assumed  that  the  crag  coefficient  =1.0  but  this  is  very  conservative  for 
small  reefing  ratios.  A  somewhat  le&s  conservative  approach  is  justifiable 
using  a  Cpp  value  corresponding  to  the  given  reefing  ratio  (Dp/D.)  as  given 
in  Figure  55  (Section  6.  2.  3). 


H  ••  (D.  F. )  Tc  and  compare  the  result  with  the  unit  strengths 


Calculate  P' 
of  available  parachute  fabrics. 


T  =  F. /"D  , 
c  L  pi 


(Equation  19) 
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The  crown  area  to  be  covered  with  the  heavy  cloth  should  be  a  minimum 
because  the  weight  increases  rapidly  with  increasing  radius.  This  area 
can  be  estimated  in  terms  of  a  radial  dimension  (hc)  on  the  pressurized 
portion  of  the  canopy  defined  as  a  hemisphere  of  diameter  D  ,  (soe  Figure 
66  in  Section  6). 


h  =  trD  /4  23 

c  pi 

Comparison  of  this  dimension  with  the  table  of  gore  coordinates  will  indicate 
the  number  of  rings  of  heavy  cloth  required. 

The  crown  of  the  reefed  canopy  is  not  a  hemisphere  but  photogrametic  anal¬ 
ysis  shows  the  radius  near  the  vent  to  agree  well  with  this  assumption,  e.  g. , 
see  Reference  13.  The  profile  radius  decreases  toward  the  periphery,  as 
does  the  differential  pressure  across  the  canopy  also,  which  may  account  for 
the  concentration  of  damage  close  around  the  vent  when  the  crown  cloth  is 
not  strong  enough.  With  two  stages  of  reefing  the  above  is  true  of  both  stages 
and  the  method  of  calculation  is  the  same  as  for  stage  1. 

If  a  transition  annulus  of  intermediate  weight  cloth  between  the  crown  and  the 
major  area  of  the  canopy  is  needed,  the  strength  required  may  be  determined 
by  estimating  the  unit  loading  after  disreefing  when  the  pressurized  portion 
of  the  canopy  has  expanded  to  a  larger  radius  such  that 

h/hR  -0.5* 

when  hc£  <h/h^  =  .  5  the  transition  annulus  is  not  required.  Since  the 
parachute  force  will  not  have  reached  its  peak  at  this  time  a  calculation 
based  on  the  limit  load  will  be  quite  conservative. 

Let 


and 


DPi  ■  (4/">  • 5  h»  24 

Tc  .  Fl/*D  (Equation  19) 


Observation  indicates  the  inflated  periphery  to  be  roughly  in  this  region 
shortly  after  disreefing. 
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The  conservative  nature  of  both  of  the  above  calculations  allows  the  designer 
some  freedom  in  the  selection  of  materials  for  the  rings  in  the  upper  half  of 
the  canopy.  For  example,  in  the  interest  of  minimizing  structural  weight  a 
fabric  could  be  selected  for  which  Pr  was  somewhat  less  than  the  calculated 
P'k  on  the  ground  that  the  prototype  model  will  be  subject  to  more  rigorous 
^valuation  later  both  analytically  and  in  aerial  drop  tests  for  demonstration 
of  structural  integrity.  This  approach  has  been  used  successfully  in  some 
programs  where  weight  was  a  critical  factor. 

Having  determined  the  number  of  crown  rings  to  be  made  of  heavy  cloth,  the 
remainder  will  be  made  of  1. 1  oz  ripstop  nylon  or  its  equivalent.  In  many 
cases,  if  lighter  weight  fabrics  of  the  proper  porosity  were  available  ,  such 
material  could  be  used.  A  listing  of  the  unit  strengths  and  unit  weights  of 
currently  available  parachute  textiles  is  given  in  Table  XXIV,  Section  6.  5. 

5.  2.  2  Suspension  Lines  and  Vent  Lines 

Although  the  vent  line  load  is  less  than  the  suspension  line  load,  it  is  good 
practice  to  use  the  same  cord  for  both  members,  because  the  weight  incre¬ 
ment  is  negligible.  As  noted  in  step  2  of  the  basic  diihension  calculations  the 
strength  of  cord  selected  for  the  suspension  lines  is  coordinated  with  deter¬ 
mination  of  the  number  of  gores  in  the  canopy  such  that  PR  is  roughly  5 
percent  greater  than 


P'R=<D-F->FLtM,N  25 

Of  course  -  P'^,  is  also  acceptable  but  allows  no  margin  for  growth. 

5.  2.  3  Radial  Tapes 

The  canopy  load  transferred  to  the  suspension  lines  is  shared  by  two  tapes 
and  the  cloth  in  each  radial  seam.  Asa  minimum  the  strength  of  each  of  the 
two  tapes  in  the  radial  seam  must  have 

Pp  -  (0, 9  P'R  of  suspension  lines)/2  (See  6. 4.  2.  3)  26 

hut  the  limited  choice  of  suitable  textiles  usually  results  in  radials  consider¬ 
ably  stronger  than  the  lines.  New  textile  forms  are  needed  here  to  support 
the  design  of  Ringsail  structures  of  maximum  efficiency. 
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5.  2. 4  Risers 


Of  the  many  nylon  webbings  available  a  few  have  unusually  high  strength/ 
weight  ratios  in  combination  with  good  flexibility,  e.  g. ,  6000  lb  1. 0  inch  and 
10,  000  lb  1. 75  inch.  These  are  used  in  preference  to  the  stiffer  and  less 
efficient  webbings  even  when  choice  of  the  latter  is  indicated  by  the  required 
strength 


(D.  F. )  F 


LIM 


27 


Because  the  riser  assembly  is  usually  quite  short,  the  weight  increment  of 
using  stronger  webbing  than  required  is  very  small, 

5.  2.  5  Circumferential  Bands 

These  are  the  bands  that  form  continuous  hoop  members  around  the  canopy, 
as  opposed  to  the  intercostal  tapes  placed  on  sail  edges  to  increase  tear 
strength. 

Vent  Band:  Because  the  vent  band  is  so  short*  it  is  made  much  stronger 
than  can  be  justified  by  any  internal  load  analysis.  Good  practice  is  to 
make  the  vent  band  from  4000  lb  1  inch  tubular  nylon  webbing  or  an 
equivalent  textile  form  or  plied  assembly. 

Skirt  Band:  Under  normal  operating  conditions  the  skirt  band  is  lightly 
loaded.  Substantial  strength  may  be  required  only  to  resist  whipping 
toads  and  to  hold  the  canopy  together  when  a  gore  is  split.  Because  this 
band  also  serves  to  stiffen  the  skirt  as  an  opening  aid,  good  practice  is 
to  make  the  skirt  band  of  a  one-half  inch  wide  tape  or  web  having  a  strength 
at  least  equal  to  that  of  the  suspension  lines.  However,  the  practice  in 
large  RingsaiU  has  been  to  employ  a  1,000  lb  1/2  inch  tubular  web  for  this 
member. 

Intermediate  (rips top)  Bands?  Parachutes  subject  to  high  stress  levels 
in  the  mid  gore  region  after  disrecfing  arc  reinforced  with  one  or  two  con¬ 
tinuous  bands  on  the  upper  edges  of  selected  rings.  These  are  redundant 
members  and  in  order  to  be  effective  in  preventing  the  radial  spreading 
of  rips  in  the  canopy  they  must  be  quite  strong.  Consequently  they  are 
heavy  and  the  number  used  must  be  sharply  limited  to  obtain  a  parachute 
structure  of  good  efficiency.  One  such  band  made  of  1000  lb  1/2  inch 
tubular  webbing  at  h/hp,  =  ,  416  in  the  lightweight  120, 3  ft  Do  Century 
Ringsail  proved  to  be  an  adequate  rips  top  member. 
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5.  2. 6  Vertical  and  Intercostal  Tapes 


Good  practice  la  to  make  there  members  of  5/8  inch  tape  with  PR  =  70  lbs 
in  low  stress  areas  and  Pr  =  90  lbs  elsewhere.  The  vertical  tapes  on  gore 
centerlines  across  the  crown  slots  are  generally  double  members  of  90  lb 
tape.  The  weight  increment  of  the  90  lb  tape  over  the  70  lb  tape  is  negligible 
except  on  sail  edges  below  h/h^  *0.45,  where  the  tear-stress  level  is  low 
and  70  lb  tape  can  be  used  to  good  advantage. 

Distribution  of  the  tapes  on  sail  edges  along  the  gore  is  made  as  follows: 

90  lb  tapes: 

-  on  both  edges  of  all  ring  slots  in  the  crown 
•  on  upper  sail  edges  only  to  h/h^  «  .40  «.  45 

70  lb  tapes: 

-  on  upper  sail  edges  only  between  h/hp  -  .  45  and 
0. 60  approximately 

Beyond  h/h&  *  0. 60  no  tapes  are  required  on  '‘Trip"  selvage 
cloth,  (See  Appendix  E. ) 

Where  a  ripstop  band  is  installed,  the  intercostal  tape  ia  omitted  from  the 
•ail  subassembly. 

5.2.7  Miscellaneous  Textile  Components 

Thread:  In  general,  Ringtail  structure*  of  all  weights  are  stitched  with 
the  same  weight  nylon  threads  as  follows: 

B  ( 5.  5  lb)  ••  Basting  gore  subassemblies 

£(6.5  lb)  —  All  seams  except  radial s  and  vent  band 

f*(11.0  lb)-*  Radial  seams  and  vent  band 

Use  of  B  thread  may  be  considered  optional  for  stitching  intercostal  tapes 
to  sail  edges.  Riser  assemblies  are  generally  stitched  with  #6  nylon  cord. 

Reefing  Line:  Use  1000  1b  braided  nylon  cord  except  where  the  structural 
analysis  or  test  data  show  the  need  for  an  allowable  strength  greater  than 
500  lbs  approximately.  Although  550  lb  and  750  lb  reefing  lines  hive  been 
used  successfully  in  some  systems,  there  is  nothing  to  be  gained  by  using 
a  coni  lighter  than  the  proven  capacity  of  available  miniature  reefing  line 
cutters. 
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5. 2.8  Hardware 


Reeling  Hinge:  Of  the  many  reefing  ring  deeigne  available,  the  best  for  a 
given  application  will  be  the  smallest  that  allows  the  reefing  line  complete 
running  freedom.  The  ring  selected  must  also  be  rigid,  very  smooth  with 
fully  rounded  edges,  and  wide  enough  so  that  it  can  be  rigidly  attached  to 
the  canopy  skirt.  The  ring  should  also  be  of  corrosion  resistant  materials 
or  design. 


Line  to  Riser  Links;  The  preferred  design  is  a  separable  link  of  maximum 
specific  strength  that  is  rigid  and  smooth  with  fully  rounded  edges  all  over. 
The  proof  test  load  for  the  link  should  be  not  less  than 


•  Wnr 


28 


and  the  minimum  ultimate  strength  or  certified  rated  strength  should  be 
equal  to  or  greater  than 


I.S  F 


L1M 
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Suitable  links  of  different  strengths  are  given  in  Section  4.  2,  Table  XV1L 

A  rough  weight  estimate  of  canopy  and  lines  is  made  with  the  aid  of  Figure  53 
based  on  the  weight  class  into  which  the  new  parachute  design  falls.  This 
weight  increased  by  1 2  percent  will  provide  a  representative  pack  weight  in¬ 
cluding  reefing  components,  risers,  links,  and  deployment  bag.  The  pack 
volume  is  then  calculated  for  an  average  pack  density  based  on  the  packing 
method  to  be  employed. 

When  the  parachute  design  has  been  completed  to  this  point,  it  is  ready  for 
a  more  detailed  and  rigorous  analysis  by  the  methods  outlined  in  Section  5 
and  for  the  preparation  of  detail  drawings  or  sketches  suitable  for  the  fabri¬ 
cation  of  the  first  test  specimens. 

5.3  RINGSAIL  DESIGN  BY  COMPUTER 

A  digital  computer  program  designated  WG1 76  was  developed  in  1965  to,  fa- 
ciitate  solution  of  Ringsail  parachute  design  problems.  The  program  was 
designed  around  the  basic  dimension  scheme  of  Figure  12  to  carry  out  the 
design  procedure  described  in  preceding  Section  5. 1,  including  an  iterative 
determination  of  the  sail  spacing  on  the  gore,  lit  addition,  it  performs  a 
porosity  computation  similar  to  that  illustrated  in  Section  6,6  and  a  weight 
computation  by  the  exact  method  given  in  Section  6. 1.  The  program  was 
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originally  written  for  the  IBM  7090‘digital  computer  in  FORTRAN  IV.  It 
has  since  been  modified  for  use  in  the  IBM  360/65  digital  computer  and 
exists  in  two  forms:  WG176A-10  punched  IBM  input  cards  and  requires  all 
sails  below  the  ringslot  crown  to  be  of  equal  width;  the  >11  version  employs 
11  input  cards  and  variable  sail  widths  tnay  be  used  throughout. 

As  a  minimum  the  input  must  specify  either  the  desired  effective  drag  area 
(CDS0)  or  the  nominal  diameter  (DQ)  of  the  Ringsail  parachute  tc  be  designed. 
Given  one  of  these,  the  computer  will  develop  the  basic  dimensions  and  gore 
coordinates  of  a  standard  Ringsail  design  having  an  even  number  of  gores 
divisible  by  the  proper  number  of  risers,  the  correct  crown  porosity,  the 
correct  number  of  rings  in  the  canopy  for  a  cloth  width  of  36  inches,  and  an 
effective  suspension  line  length  of  /e/D0  =  1.15  (with  risers  3.0  feet  long). 
The  printout  includes  a  summary  of  the  porosity  computation  (XgV,  kgC,  \g» 
X,m  and  XT);  the  drag  coefficient  (corrected  for  scale)  used  to  calculate 
CqSq,  plu*  corrected  values  of  S0  and  D0  derived  from  a  summation  of  the 
sail  and  slot  areas.  The  printout  also  includes  the  sail  pattern  dimensions. 

When  the  program  input  is  augmented  to  include  a  listing  of  the  unit  weights 
of  selected  materials,  the  print-out  will  also  include  the  total  weight  of 
parachute  and  risers  down  to  the  confluence  point  and  a  breakdown  summary 
of  the  component  weights:  sail  fabric,  suspension  lines,  risers,  radial*, 
skirt  and  vent  bands,  and  all  reinforcing  tapes  and  bands. 

The  input  provisions  of  the  program  are  comprehensive  and  flexible,  en¬ 
abling  the  designer  to  specify  as  many  of  the  design  parameters  as  he 
wishes,  including  the  vertical  spacing  of  sails  of  varying  widths  along  the 
gore.  Alter  a  preliminary  design  run  on  the  computer,  the  designer  is  free 
to  adjust  any  of  the  basic  dimensions  specified  and  learn  their  precise  effects 
on  the  area,  porosity,  and  weight  of  the  modified  configuration  by  perform¬ 
ing  a  second  computer  run.  WG176  is  a  valuable  adjunct  to  the  CANO  stress 
analysis  program  described  in  Section  6  and  Reference  25. 
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SECTION  6 


DESIGN  ANALYSIS  METHODS 

The  design  of  parachute  systems  requires  a  variety  of  computations  employ¬ 
ing  a  combination  of  analytical  procedures  based  on  empirical  data  describing 
the  performance  and  other  characteristics  of  the  type  of  parachute  to  be 
utilised.  Presented  in  this  section  are  the  major  design  analysis  methods 
used  in  the  development  of  Ringsail  parachute  systems*  The  material  is 
presented  under  the  following  subheadings: 

a.  System  Trajectory  Computations 

b.  Ring  sail  Aerodynamics 

c.  Prediction  of  Opening  Loads 

d.  Stress  Analysis 

e.  Calculation  of  Ringsail  Weight 
L  Calculation  of  Ringsail  Porosity 


o.  1  SYSTEM  TRAJECTORY  COMPUTATIONS 

Parachute  system  trajectory  computations  are  made  to  produce  a  graphic 
presentation  of  vehicle  motion  and  dynamic  response  daU  following  deploy - 
merit  of  the  component  parachutes  in  operational  sequence.  Preliminary 
trajectory  calculations  also  are  a  necessary  part  of  the  parachute  design 
process  and  are  usually  based  on  a  given  set  of  initial  conditions  at  deploy¬ 
ment  {vehicle  weight,  velocity*  and  flight  altitude  and  path  angle). 

Such  computations  are  beet  done  with  a  digital  computer  using  a  simple  two* 
degree *»(•  freedom  program  in  which  the  equations  of  motion  are: 

x  *  v  cos  Y  1(0 

^  a  V  sin  Y  ->l 

V  “  -(I*  *  Dy  ♦  Wy  SU»V)/«|y  . 

{See  equation  52  in  Section  6. 1. 1) 

Y  -  -tg  co#Y)/y  U. 


For  rough  preliminary  work  the  parachute  force  and  the  drag  of  the  vehicle 
are  approximated  by 

FP*DVi<CDSp  +  CDSV>,i  J4 

and  Cj)Sp  is  represented  by  a  simple  step  function  of  time  corresponding  to 
the  reefed  program  desired.  Significant  variations  of  C^Sy  with  time  or 
Mach  number  also  are  represented  by  step  functions.  For  any  given  set 
of  initial  conditions  (WQ,  hQ,  vQ,  and  Y0)  this  method  will  yield  dynamic 
pressures  at  the  beginning  and  end  of  reefed  intervals  suitable  for  prediction 
of  opening  loads  by  the  load  factor  method.  The  loads  indicated  by  the  com- 
puter  Itself  are  excessive  because  the  drag  area  step-function  is  not  realistic. 
However*  with  the  introduction  of  filling  times  in  the  drag  area  step-function, 
e.  g. ,  Figure  56,  the  reefed  opening  forces  predicted  by  the  computer  can  be 
made  quite  accurate  as  shown  in  Section  6.  2.  6.  Unfortunately  the  same  is 
not  true  of  the  final  opening  load  after  dis reefing  because  this  process  is 
dominated  by  the  influence  of  the  added  air  mass  on  system  dynamics. 

The  determination  of  parachute  reefing  parameters  (Dp/1>0  and  AtR)  for  a 
given  system  prior  to  flight  test  is  done  through  a  series  of  trajectory  cal¬ 
culations  made  pr  imarily  for  the  purpose  of  determining  the  dynamic  pres¬ 
sure  at  the  beginning  and  snd  of  each  reefed  interval.  This  is  done  in 
conjunction  with  opening  load  calculations  aimed  at  attainment  of  a  favorable 
balance  of  peak  loads  from  stage  to  stage  for  the  critical  design  conditions 
on  the  performance  envelope  of  the  vehicle.  In  the  general  caae  the  maxi¬ 
mum  opening  load  of  one  stage  is  not  necessarily  associated  with  the  same  set 
set  of  Initial  conditions  for  which  the  opening  loads  of  other  stages  are  maxima 

6,2  R1NCSAIL  AERODYNAMICS 

Due  to  as  roe  la  Stic  ity  and  porosity  ihs  aerodynamics  of  parachutes  is  so 
complex  that  only  rudimentary  calculations  can  be  made  with  any  confidence, 
£ven  so,  the  results  are  subject  to  statistical  variations  of  h  random  charac¬ 
ter,  as  the  data  of  Section  $  clearly  demonstrate, 

6.  2. 1  Rate  of  lie  scent 

In  equilibrium  descent  the  total  drag  of  the  system  (Fc)  is  very  nearly  equal 
to  its  weight  (W)  such  that 

»  ‘  *c  *  £CDS  ",  JS 
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Whence  the  equilibrium  dynamic  pressure 


«.  =  W/SCDS 


and  the  rate  of  descent 

v  =(2q  /P)1/2  37 

G  © 

Generally  at  low  rates  of  descent  the  drag  of  the  suspended  vehicle  is  negli¬ 
gible,  permitting  the  effective  drag  area  of  the  parachute  to  be  calculated 
for  a  desired  rate  of  descent  as  simply 

CnS  =  W/q  38 

Do  e 


Since  system  oscillation  and  gliding  are  limited  by  design  to  magnitudes 
that  pose  no  hazard  to  the  payload  at  touchdown,  there  is  seldom  any  need 
in  the  operational  analysis  to  consider  horizontal  velocity  components  other 
than  that  of  wind  drift.  The  latter  is  a  totally  random  factor  to  which  all 
non- steerable  parachute  systems  are  subject. 


6.  2.  2  Drag  Coefficient 


The  drag  coefficient  is  calculated  from  test  data  relating  the  tangential  force 
(Fc)  of  the  parachute  to  the  free  stream  dynamic  pressure  (q) 


=  F  /S  q 
c  o n 
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With  large  parachutes  this  becomes  a  matter  of  measuring  the  descent 
velocity  and  atmospheric  properties  over  a  substantial  altitude  interval. 

An  attempt  is  made  to  obtain  aerological  data  as  a  function  of  altitude  at  the 
time  of  the  test  ±30  minutes  so  that  the  air  density  can  be  evaluated  with 
reasonable  accuracy.  The  descent  velocity  is  subject  to  errors  of  observa¬ 
tion  and  mensuration  of  phototheodolite  data  and  includes  an  unknown  incre¬ 
ment  due  to  vertical  air  motion.  The  system  weight  can  be  measured  very 
accurately  to  yield  Fc,  and  while  the  canopy  area  (S  )  is  known  within  narrow 
limits,  the  inflated  (projected)  area  (S  )  is  not.  Sp  is  known  to  vary  some¬ 
what  due  to  the  breathing  phenomenon  which  tends  to  be  periodic.  However, 
it  is  suspected  that  Sp  also  may  vary  from  test  to  test  due  to  the  effects  of 
hysteresis  after  the  canopy  has  been  stretched  by  opening  loads  of  different 
magnitudes,  Thus  far,  attempts  to  correlate  these  factors  have  been  un¬ 
successful.  While  some  photogrammetric  data  show  the  Ringsail  adhering 
closely  to  the  two-thirds  rule  (Dp/D0  =  2/3)  other  measurements  yield 


Dp/D,?  =  .  74  to  .  80  following  heavy  overloads.  In  any  event,  when  the  cor- 
reeled  rate  of  descent  during  a  given  test  is  found  to  vary  widely  in  a  non¬ 
periodic  fashion,  the  resultant  average  value  cannot  be  relied  upon  for  eval¬ 
uation  of  the  drag  coefficient.  When  this  behavior  was  found  in  the  results 
of  Ringsail  drop  tests,  such  data  points  were  rejected  from  the  performance 
e  valuation. 


For  design  purposes  the  drag  coefficient  is  estimated  with  the  help  of 
Figures  22  through  26  by  taking  into  account  all  of  the  governing  factors: 

a.  Unit  canopy  loading  as  measured  by  the  equivalent  rate 
of  descent 

b.  Scale  effects 

c.  Effective  length  of  suspension  lines 

d.  Crown  geometric  porosity 

e.  Number  of  canopies  in  a  cluster  when  pertinent 
6.  2.  3  Reefed  Drag  Area 

Reefed  drag  area  calculations  are  made  for  both  single  and  clustered  para¬ 
chutes  on  the  basis  of  empirically  derived  curves  of  the  two  reefing  ratios 
CdSr/CDSo  vs  DR/Do  8Uch  as  those  of  Figures  46  through  48.  Accurate 
determination  of  Ringsail  reefed  drag  area  is  handicapped  by  the  fact  of  its 
growth  during  the  reefed  interval.  Thus,  the  easily  measured  value,  under 
near-equilibrium  conditions  at  disreefing,  is  a  function  of  the  duration  of  the 
reefed  interval,  while  the  smaller  initial  drag  area  associated  with  the  peak 
opening  force  is  obscured  by  system  deceleration.  It  lias  been  a  common 
practice  to  report  measured  values  of  F/q  as  equal  to  CpS,  ignoring  the 
dynamics  of  the  added  air  mass.  Consequently,  the  data  obtained  by  this 
uncritical  treatment  tends  to  be  unique  for  each  different  system  and  cannot 
be  relied  upon  for  general  use. 


Note  that  by  defining  the  diametral  reefing  ratio  in  terms  of  DQ,  the  canopy 
is  fully  inflated  at  D^/Dc»  2/n  =  .  636  for  any  parachute  in  which  Dp  - 
2/3  D0.  This  is  necessarily  only  an  idealised  theoretrical  limit. 


As  noted  in  Section  5,  the  short  method  of  estimating  internal  loads  would 
bt.  improved  by  more  accurate  knowledge  of  the  reefed  drag  coefficient  Cj> 


P 
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Steady  state  measurements  made  in  the  wind  tunnel  give  results  correspond^ 
ing  to  conditions  at  the  end  of  a  long  reefed  'interval.  For  example,  the  full 
scale  tests  of  single  Apollo  88. 1  ft  DQ  experimental  parachutes  described  in 
Section  2. 1.4  yielded  the  drag  coefficient  data  presented  in  Table  XX  for 
reefed  canopies  having  the  same  crown  porosity  as  the  unmodified1  design. 

TABLE  XX  '  : 

WIND  TUNNEL  TEST  DATA  FOR  TWp  CONFIGURATIONS  OF  * 
THE  APOLLO  88. 1  ft  DQ  RINGSAIL 


Wind  Tunnel  Test 
Configuration 

B*. 

Do 

V 

(ft) 

CbfR 

(ft2) 

CdSo 

% 

CDp 

A-2  (1) 

(Full  length 

.i0 

27.  8  . 

397 

l 

.0766 

.316 

.652 

vertical  tapes) 
CDSo*  5180  ft2 

.13 

30.5 

641 

.  1235 

.346 

» 

.876 

i 

A- 11  (2) 

(Overall  \g  in¬ 

.10 

26.3 

399 

'.0795 

.298 

.733 

) 

creased  to  9%) 
CDSo*  5020  ft2 

.13 

29.7 

563 

.  1121 

.337 

.813 

NOTE:  ! 

(1)  W.T.  Mod  A-2;  PDS  1543-553  Figure  86  Appendix  A 

(2)  W.T.  Mod  A-ll;  PDS  1543-543  Figure  89  Appendix  A 

Comparison  of  the  area  ratios  with  those  in  Figure  40b  at  the  corresponding  i 
diameter  ratios  shows  reasonably  good  agreement  at  D„  /  D0  =  6. 10  and  only 
fair  agreement  at  Dr/Dq  =  0.13  for  conditions  at  the  ena  of  the  reefed, 
interval. 

v  I 

Tablt;  XXI  presents  results  obtained  with  Wind  Tunnel  Test  Configuration 
A-2  (see  Table  XX  for  definition)  using  mid-gore  reefing  in  plape  of  radial 
reefing.  , 


TABLE  XXI  i 


WIND  TUNNfiL  TEST  DATA  OF  CONFIGURATION  A- 2 


•  .  APOLLO  88. 1  ft  D0  RINGSAIL  WITH  MID -GORE  REEFING 


Do 

Dp 

(ft) 

CDSr  ■ 
(ft2) 

CpSR 

CdSo 

D0 

CDp 

00 

o 

• 

T"  m-rrT™ 

28,0 

402 

.0775 

,318 

.652 

,10  , 

30.5 

553 

,  . 1067  . 

.346 

.757 

.13 

32.6  . 

743 

. —  r-  1 

.  1435 

— : - - 

j,  .370 

1 .  . * 

.890 

i 

!  .  II 

These  data  are  plotted  in  Figure  55i  to  show  the  difference  between  mid-gore 
and  radial  reefing.  For  equa}  drag  areas  the  difference  in  reefing  ratio  is 
close  to  A(Dr/D0)  =  .  02.  The  drag  coefficients  plotted  in  Figure  55b  show 
pood  agreement  when  this  difference  is  applied  to  correct  D^/D0  for  mid- 
gore  reefing.  The  drag  coefficient  of  the  fully*  inflated  canopy  was  calculated 
with  the  assumption  that  Dp,=  (2/ 3)  D0.  i 


On  Sn  =  Cn„  Sq 


",Dp  °p  ~  ^D0 


CDp  -  CD0<V  V  -  CBo/(2/3)‘ 


and  with 


40 


Cn  -.85 


CDp=.,l-91  , 


fhe  indication  is  thatCDp  increases  continuously  With  canopy  inflation  as  the 
shape  changes  from  that  of  a  tubular  sock  to,  that  of  an  ellipsoidal  cup.1  Sipce 
the  canbpy  inflated,  diatrie ter  is  considerably  smaller  initially  (at  the  instant 
of  peak  loading)  than  it  is  at  the  end  of  the  reefed  interval,  Figure  55b  pro¬ 
vides  a  conservative  means  of  evaluating  the  projected  ,area  bf  the  canopy 
for  stress  calculations.  . 
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The  wind  tunnel  data  is  presented  here  rather  than  in  Section  3,  because 
it  cannot  be  translated  into  a  form  representative  of  the  performance  of  the 
reefed  parachute  under  the  dynamic  conditions  of  free  flight. 

6.  2. 4  Calculation  of  Reefing  Line  Length 

The  length  of  the  reefing  line  is  simply  /rl  =  ttD^  +  length  of  splice  overlap 
(Figure  56)  where  Dr  is  the  desired  reefed  diameter  of  the  canopy  mouth  at 
the  skirt.  Determination  of  the  reefed  diameter  ratio  (Dr/D0)  for  a  given 
drag  area  ratio  (CqSr/CqS0)  prior  to  test  depends  on  the  quality  of  the 
empirical  data  available.  The  method  given  in  Reference  24  is  satisfactory 
for  Ribbon  and  Ringslot  canopies  but  not  for  the  Ringsail.  Two  values  of 
CDSR/CDS0  must  be  taken  into  account. 

a.  At  completion  of  rapid  reefed  inflation  (marked  by  Fornax) 

b.  At  disreef 

The  first  value  is  associated  with  reefed  opening  force  calculations,  and  the 
second  with  velocity  and  dynamic  pressure  calculations  at  disreef.  Where 
both  values  are  plotted,  as  a  function  of  Dr/Dq  as  in  Figures  40,  41  and  42, 
such  curves  can  be  used  to  make  a  preliminary  estimate  of  the  reefed  diam¬ 
eter  required.  Since  CqSr  at  disreef  is  the  easiest  to  determine  from  test 
data  with  reasonable  accuracy,  this  is  the  value  commonly  represented  by 
single  curve  data  plots  as  in  Figure  39.  Such  curves  can  also  be  used  to 
make  a  preliminary  estimate  of  Dr  and  the  reefing  line  length.  However, 
when  opening  force  calculations  are  carried  out,  it  is  necessary  to  make  an 


Figure  56.  Typical  Reefing  Line  Splice 


146 


assumption  about  the  drag  area  growth  during  the  reeled  interval.  As  indi¬ 
cated  in  Figures  40  and  41  this  may  be  in  order  of  100%  lor  the  standard 
Ringsail  design.  Also  it  should  be  noted  that  the  determination  of  reefing 
line  length  should  not  be  based  on  the  wind  tunnel  data  of  Figure  55a,  because 
it  represents  an  equilibrium  condition  of  canopy  growth  reached  after  a  much 
longer  period  than  the  typical  reefed  interval. 

6.  2.  5  Filling  Time 

Parachute  filling  time  is  defined  as  the  intefval,  or  intervals,  between  the 
following  events  in  the  deployment  and  opening  sequence: 

a.  Line -stretch  to  full  open  (non- reefed) 

b.  Line-Stretch  to  reefed  open 

c.  Disreef  to  reefed  open  (two  reefed  stages) 

d.  Disreef  to  full  open 

Actual  canopy  filling  usually  begins  somewhere  between  line -stretch  and 
canopy  stretch  after  the  mouth  has  opened  far  enough  to  admit  an  effective 
flow  of  air.  This  short  randomly  variable  delay  can  be  minimized  by  good 
design  and  is  neglected.  It  has  been  found  (e.  g, ,  Ref.  14)  that  the  best 
indicator  of  reefed  opening  is  the  maximum  load  peak.  This  has  also  been 
true  of  the  second  reefed  stage  when  the  reefing  ratio  is  in  the  range  of 
15  to  30  percent  D0  approximately.  After  disreefing  of  the  final  stage  the 
peak  load  occurs  before  the  canopy  is  fully  inflated.  The  instant  at  which 
full  inflation  of  the  canopy  is  completed  is  difficult  to  determine  accurately 
due  to  the  rapid  change  in  canopy  shape  and  the  over-expansion  attending 
the  peak  pressure  load.  Thus,  the  definition  of  the  "full  open"  configura¬ 
tion  has  varied  from  program  to  program  and  this  contributes  to  the 
considerable  variation  in  filling  times  reported. 

It  is  also  necessary  to  allow  for  the  filling  that  occurs  during  the  reefed 
interval  as  shown  in  the  diagram  of  Figure  57  illustrating  how  the  canopy  drag 
area  increases  with  time.  Two  stages  of  reefing  are  shown  in  the  interest 
of  generality. 

The  determination  of  canopy  filling  times  reefed  and  after  disreefing  with 
sufficient  accuracy  to  be  useful  in  the  prediction  of  opening  loads  is 
difficult  because  of  the  wide  scatter  of  empirical  data*  However,  there 
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Idealized  Ringsail  Drag  Area  Growth  With  Time 


is  no  practical  alternative  to  the  use  of  such  empirical  data  in  the  form  of 
the  dimensionless  filling  interval  (Kf)  as  given  in  Table  XIII.  By  this  defini¬ 
tion  the  filling  time  is  calculated  from 

Atf  =  Kf  <4»2  1/2  -4>j  1/2)/Vj  41 

and  in  order  to  do  so  it  is  necessary  to  know  the  true  air  speed  (vj)  at  the 
beginning  of  the  interval  in  addition  to  the  initial  and  final  drag  areas.  This 
unavoidably  leads  to  an  iterative  trajectory  computation,  except  for  the  first 
reefed  stage  when  the  conditions  at  line -stretch  are  defined. 

Evaluation  of  average  values  of  Kf  from  Ringsail  test  data  justifies  use  of  the 
following  formulae  for  the  calculation  of  filling  times. 

Reefed  (stage  1):  Atf  =  37.  3  (CDsR>l/i/vj  42 

After  disreef:  At^  =  4. 42  43 


Presumably  the  addition  of  a  second  reefed  stage  would  alter  the  filling 
characteristics  in  the  way  indicated  in  Table  XIII  and  XIV  for  the  85.  6  ft  D0 
modified  Ringsail.  but  the  prediction  of  quantitative  effects  on  this  basis 
would  be  highly  speculative. 

6.  2.  6  Derivation  of  the  Dimensionless  Filling  Interval 

It  will  be  recognized  that  the  dimensionless  filling  interval  corresponds  to 
the  parachute  filling  process  described  by  the  concept  of  a  "constant  filling 
distance";  ie.  the  distance  traveled  by  a  parachute  while  filling  is  a  constant, 
irrespective  of  speed  and  altitude,  and  is  unique  for  each  different  parachute. 
Understanding  of  the  origin  and  limitations  of  this  concept  is  helpful  in 
guiding  its  utilization  in  Ringsail  parachute  design. 

In  the  general  case  for  filling  any  plenum; 


Filling  time  - 


Volume  to  be  filled 
Inflow  rate -outflow  rate 


44 


In  the  case  of  an  inflating  parachute  the  volume  to  be  filled  can  be  expressed 
as  a  function  of  the  cube  of  a  characteristic  canopy  dimension  such  as  D0.  i.  e. , 

V  »  f  (D  3)  45 

o 
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Ths  Inflow  rate,  being  a  function  of  the  canopy  mouth  area  and  the  air  flow 
velocity,  with  the  assumption  of  incompressible  flow,  can  be  expressed  as 
a  function  of  the  square  of  a  characteristic  canopy  dimension  multiplied  by 
an  average  air  inflow  velocity,  i.  e. . 


V. 

in 


46 


With  the  further  assumption  that  the  relative  porosity  of  the  canopy  is  a 
constant  fraction  of  the  canopy  area  (S0),  the  outflow  rate  can  be  similarly 
represented,  i.  e. , 


a  f  (O  2  V  I 
o  out 
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The  average  flow  velocities  in  and  out  are  both  proportional  to  the  average 
flight  speed  (v)  of  the  system  so  that  the  functional  relationships  (46)  and  (47) 
remain  true  with  v  substituted  for  these  velocities.  Thus,  with  the  introduc¬ 
tion  of  constants  of  proportionality,  substitution  of  the  expressions  for  V, 

Vjjj,  and  V0ut  in  equation  44  yields; 

A«(  =  K1D©3AKjD)iV..K3D©*J> 

•  K,  V*  •  K3» 

combining  constants 

At  «KD  /v  40 

(  o 

or 

K  *  At,  v/D  49 

f  o 

which  expresses  the  filling  distance  in  canopy  diameters.  But  so  defined  the 
the  filling  distance  is  not  useful  in  a  practical  sense  because  the  average 
airspeed  can  only  be  determined  by  a  series  of  iterative  trajectory  com¬ 
putations.  Also  the  volume  of  a  reefed  canopy  is  not  a  simple  function  of 
the  nominal  diameter.  Therefore,  the  dimensionless  filling  interval  used 
in  this  work  is  defined  as  follows.  (See  also  References  14  and  IL) 

Kfa  *  +itl)  50 
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Where  Atj  ia  the  filling  time  while  the  canopy  ia  growing  from  an  initial  drag 
area  to  a  final  drag  area  ^2  and  Vj  ia  the  true  air  apeed  at  the  atart  of  the 
filling  proceaa.  Uae  of  aa  the  characterietic  canopy  dimenaion  in  place 
of  D0  permit  a  reefed  filling  to  be  expressed  ia  the  aame  form  aa  filling  after 
diareef. 

This  formulation  ahould  be  uaed  circumspectly,  because  the  constant  filling 
distance  concept  breaks  down  at  high  speeds  due  to  compressibility.  Ref¬ 
erence  23  indicates  the  possibility  of  a  large  discrepancy  at  Mach  0.  5  in¬ 
creasing  drastically  at  supersonic  speeds  as  shown  in  Figure  58  for  the 
modified  Ring  sails  of  the  NASA  Planetary  Entry  Parachute  Program  (Ref¬ 
erence  18). 

Also,  at  very  low  speeds  (vj  <60  KEAS)  there  is  justification  for  the  expec¬ 
tation  that  the  filling  distance  will  be  reduced  by  a  sharp  decline  in  the 
effective  porosity  of  the  canopy  due  to  the  low  differential  pressure  (e.  g. . 
Figure  68).  This  hypothesis  requires  experimental  verification. 

6. 2. 7  Stability 

From  a  practical  standpoint  the  stability  of  a  parachute  system  must  be 
considered  in  relation  to  the  stability  of  the  atmosphere  through  which  it 
descends,  this  being  the  source  of  the  disturbances  affecting  normal  system 
motion.  Also,  the  condition  of  crucial  interest  is  the  probable  nature  of 
system  motion  at  the  moment  of  touch-down. 

Parachute  instability  takes  several  forms  of  which  pendular  oscillations 
and  coning  oscillations  are  of  prime  concern.  Breathing  and  longitudinal 
pulsations  are  of  secondary  interest  because  they  seldom  become  critical 
at  normal  rates  of  descent.  Since  the  air  is  always  in  motion,  the  average 
amplitude  of  pendular  oscillations  observed  in  aerial  drop  tests  might  be 
considered  misleading.  However,  the  damping  function  of  parachutes  is 
generally  strong  for  any  excursion  beyond  the  normal  characteristic  angle 
of  attack  for  static  stability,  (6  )  as  illustrated  schematically  in  Figure  59a. 

w 

For  example,  a  non- reefed  parachute  deployed  in  level  flight  follows  the 
first  downswing  of  the  suspended  mass  with  one  excursion  of  large  amplitude 
which  is  virtually  damped  down  to  the  average  amplitude  (0  in  the  next  Half 
cycle  (Figure  59b). 

Ringsail  parachute  systems  that  have  exhibited  unacceptable  instability  in 
the  form  of  undamped  periodic  oscillations  of  lerge  amplitude  relative  to 
those  of  Figures  42  (etc.)  fall  in  what  appears  to  he  a  special  category  along 
with  a  variety  of  other  parachute  types.  There  ie  some  evidence  pointing  to 
the  existence  of  a  critical  Reynolds  number  near  which  any  type  of  parachute 


Math  No* 


NOTE;  The  modified  Ringtail  referred  to  here  ia  the 
PEPS’  parachute  incorporating  a  wide  slot  near 
the  akirt  (aee  Appendix  B). 


Figure  58.  Variation  of  Filling  Diataoce  with  Mach  No*  (Ref.  23) 


I 

fc 


k 


l 

i 


I 

* 

: 

i 

i 

$ 

« 

i 

i 

s  ’ 
f 


■I 


.jp 


(a)  Variation  of  Parachute  Moment  Coefficient 
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system  begins  to  oscillate  widely  with  the  sharp  periodicity  of  a  pendulum. 
The  first  instance  of  this  behavior  reported  was  an  oversized  model  of  the 
personnel  guide-chute  design  (approximately  40  feet  in  diameter)  tested  at 
El  Centro  in  the  mid-1950's.  While  the ‘average  amplitude  of  oscillations  of 
the  AF  type  G-ll  personnel  version  of  this  design  is  in  the  order  of  ±10 
degrees,  the  40  ft  model  was  said  to  have  oscillated  steadily  at  ±30  to  35 
degrees.  Early  in  1960  a  3?  ft  D0  Ringsail  with  a  suspended  load  of  520  lbs 
exhibited  sharply  periodic  oscillations  of  as  much  as  ±25  degrees  throughout 
its  descent  from  10.000  ft  altitude.  Because  the  motion  looked  like  a  forced 
oscillation  resonance  of  pulses  caused  by  vortex  shedding  with  the  natural 
frequency  of  the  parachute  system  was  postulated.  The  same  type  of  be¬ 
havior  was  encountered  at  high  altitudes  with  three  different  large  parachute 
systems: 

a.  A  cluster  of  four  35  ft  T-10  Extended  skirt  canopies 

b.  A  67.  3  ft  Full  Extended  skirt  parachute 

c.  A  74.  2  ft  Ringsail  parachute 

The  suspended  load  in  each  case  was  1640  lbs,  and  these  systems  exhibited 
strong  periodic  oscillations  (up  to  *4$  degrees)  throughout  the  first  half  of 
the  descent  followed  by  more  normal  behavior  below  approximately  20,  000 
feet  elfitude. 

In  the  ea«e  of  the  74,  l  ft  De  Ringsail  it  was  found  that  the  Reynolds  number* 
at  45,  060  feet  altitude  was  the  same  as  that  for  the  37  ft  Dfl  model  at  sea 
level  (8*  »  3,64  x  lofy,  U  will  be  seen  that  during  any  parachute  descent 
Reynolds  number  increases  continuously  because  the  ratio  P/p  for  air  in¬ 
creases  faster  than  v#  decreases.  Consideration  of  the  possible  relationship 
between  Reynolds  number  and  the  natural  frequency  of  the  parachute  system 
suggests  the  existence  of  a  critical  combination  of  scale  or  effective  line 
length  and  attitude  at  which  large  undamped  oscillations  are  most  likely  to 
occur.  Shortening  the  suspension  lines  of  the  above  Ringsail  by  about  M 
percent  to  increase  its  natural  frequency  appeared  to  mitigate  the  problem 
by  raising  the  critical  altitude  somewhat. 

Therefore,  in  view  of  the  complexity  of  the  problem  and  the  varied  behavior 
exhibited  by  parachute  system*  descending  through  a  real  atmosphere,  no 
method  of  predicting  the  probable  stability  M  a  given  Ringsail  parachute  sys¬ 
tem  can  be  presented.  Once  the  average  amplitude  has  been  established  by 


*  Defined  as  R  (C  )  v  Pj  » 

c  P  * 


a  number  of  drop  tests,  the  data  given  In  Section  3. 4  suggest  that  a  probable 
maximum  amplitude  that  would  not  be  exceeded  90  percent  of  the  time  is 
approximately  36.  As  shown  in  Table  V,  §  ranges  from  5  to  8  degrees  for 
the  majority  of  the  single  Ringsail  parachute  systems  developed- 


6.  3  PREDICTION  OF  OPENING  LOADS 

Three  different  methods  of  predicting  Ringsail  opening  loads  are  available 
to  the  parachute  designer. 

a.  The  Load  Factor  Method 

b.  The  Mass-Time  Method 

c.  The  Area -Distance  Method 

Although  the  Load  Factor  method  has  been  highly  refined  in  its  application 
to  Ringsail  parachute  systems  (References  11,  12  and  14),  its  accuracy 
at  best  is  no  better  than  ±10  percent.  The  Mass-Time  and  Area-Distance 
methods  were  developed  in  order  to  get  better  results,  and  accuracies  of 
±5  percent  have  been  obtained  in  the  limited  context  of  the  Apollo  main 
parachute  development  program. 

6.  3. 1  The  Load  Factor  Method 


The  simplicity  of  the  load  factor  method  makes  it  quite  useful  despite  its 
heavy  dependence  on  full  scale  drop  test  data  and  the  uncertainty  of  its 
accuracy  in  any  new  design  situation.  The  peak  opening  load  is 


F 

max 


=  CDsq 


SC,. 
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Where  q8  at  the  start  of  the  filling  process  (reefed  or  disreefed)  is  deter¬ 
mined  from  trajectory  computations  and  the  load  factor  (Cfc)  is  estimated 
with  the  aid  of  Figure  27  or  Figure  28.  When  entering  Figure  27  with  an 
appropriate  value  of  the  unit  canopy  loading  (W/CqS)  considerable  judgment 
is  required  to  make  a  realistic  allowance  for  the  effect  of  initial  velocity, 
as  reflected  by  the  data  spread.  The  effect  of  altitude  on  can  be  estimated 
with  the  aid  of  Figure  29,  using  the  assumption  that  the  trend  indicated  by  the 
faired  curve  is  invariant  with  W/C^S. 
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Figure  28  is  useful  for  making  preliminary  estimates  of  the  opening  loads 
ol  both  single  and  clustered  canopies.  Conservative  results  are  obtained 
by  reading  the  upper  faired  curves  for  the  reefed  and  disreefed  cases.  Rm 
is  evaluated  in  terms  of  4*^  2  instead  of  DQ3  to  make  reefed  data  directly 
comparable  with  that  for  non- reefed  and  disreefed  canopies.  The  synchro¬ 
nous  inflation  of  a  cluster  can  be  treated  the  same  as  for  a  single  parachute 
using  4*  =  ECjjS  and  M  =  W/g.  Non- synchronous  cluster  opening  loads  can 
be  estimated  by  making  an  assumption  about  the  fraction  of  the  total  mass 
applicable  to  one  parachute  of  the  cluster.  Worst  cases  for  two  and  three- 
canopy  clusters,  for  example,  will  be  obtained  by  using  Rma/2  and  Rma/3 
respectively,  where  Rma  is  the  mass  ratio  for  the  synchronous  case,  i.  e. , 
the  leading  canopy  is  assumed  to  open  before  the  other  members  of  the 
cluster  develop  any  drag.  The  ratio  of  the  load  factors  obtained  for  the 
non- synchronous  and  synchronous  cases  will  be  comparable  to  the  ratio  of 
the  maximum  to  the  average  opening  forces  given  in  Tables  I,  IV,  V  and  VI. 

Taking  a  typical  disrcef  case  a3  an  example,  enter  Figure  28  with  Rma  =  7.4, 
Rm(/2  =  3.7,  and  Rms/3  =  2.47  and  read  from  both  upper  and  lower  curves 
corresponding  values  of  as  presented  in  Table  XXII: 

TABLE  XXII 


SHOCK  FACTORS  FOR  SYNCHRONOUS  AND  NON-SYNCHRONOUS 
INFLATING  RINGSAILS  IN  CLUSTERS 


Cluster  Opening 
Configuration 

Synchronous 

Non - Synch ronou s 

Number  of  canopies 

2  or  3 

— 

2 

3 

R 

m 

7.4 

3.  7 

2.  47 

£  maximum 

.  3 

.47 

.  57 

k  minimum 

.  21 

.  35 

.43 

Ratio:  (nons)/C^  (sync) 

- 

1.  57 
1.67 

1.  90 

2.  05 

Apollo  test  data  representative  of  the  two-canopy  case  is  given  in  Table  V 
with  Fmax/ FaV>  =  1.  58  for  test  26-5  in  which  the  disreef  time  differential 
was  artificially  increased  by  erne  second  (nominal).  Test  data  representa¬ 
tive  of  the  three-canopy  case  is  given  in  Table  I  with  Fmax/Fav  =  2,  08  for 


1  56 


test  58-828  in  which  two  of  the  three  solid  cloth  canopies  were  heavily 
damaged*.  However,  it  appears  from  Apollo  statistics  that' the  Ringsail 
three-canopy  case  may  never  reach  the  extreme  inequity  of  load  sharing 
assumed;  i.  e. ,  each  of  the  canopies  will  always  develop  a  significant  frac¬ 
tion  of  the  total  force.  Therefore,  for  preliminary  design  purposes  in 
systems  having  a  unit  canopy  loading  in  the  order  of  W/2Cj>S0  =  1.0  psf 
a  conservative  assumption  for  both  two-  and  three- canopy  clusters  based  on 
the  data  in  Table  V  would  be  a  load  ratio  ®'max/FRync  =  1.5  applied  to  the 
calculation  of  the  design  limit  load  for  each  parachute.  For  systems  having 
a  design  unit  canopy  loading  significantly  different  from  1.  0  psf,  this  ratio 
will  tend  to  be  smaller  or  larger  than  I*  5  in  proportion  to  the  synchronous 
mass  ratio  (Rm),  due  to  the  slopes  of  the  curves  in  Figure  28. 

i  i 

After  a  few  suitably  instrumented  aerial  drop  tests  have  been  performed, 

the  accuracy  of  the  load  factor  method  improves  and  it  is  useful  in  predicting 

the  probable  opening  loads  of  subsequent  tests  as  well  as  the  design  limit 

loads  for  conditions  that  it  may  not  be  economical  to  duplicate  in  the. test  . 

program.  The  opening  load  factor  of  each  stage  iB  derived  the  test  data  by 

using  Equation  51  in  the  form  C,  =  F  /C_Sq  .  • 

°  n  k  max  D  Ms 

6.  3.  2  The  Mass -Time  Method 

1 

The  Mass-Time  method  of  predicting  parachute  opening  loads,  developed  in 
detail  in  Reference  14,  is  summarized  here.  The  parachute  force  l F )  used 
in  Equation  32  is  calculated  from 

F  =  4<q  +  v  m  +  (m  +  m  )  v  +  sinY  52 

p  a  a  p  P 

: 

Both  the  effective  drag  area  of  the  canopy  (<p)  and  the  added  air  mass  (ma) 
are  expressed  as  functions  of  time  in  equations  having  empirically1  based  ' 
coefficients  and  exponents  as  follows; 

CDS  <t)  =  +  (*.,  -  (t  -  tjl/(t2  -  tj)n  :  '  53 

m  =  PK  *3/2  54 

a  a  ;.f 

m  =  (3/2)  PK  i  ,  35 

*  =  n[(*2  )/(t2  -  tj)]  ((t  -  tj)At2  -  tj)]  n_l  56 

♦When  the  damage  occurred  is  not  stated  in  Reference  10,  but  the  results 
indicate  that  extensive  reefed  opening  damage  of  the  lagging  canopies  may 
have  been  responsible  for  the  high  leading  canopy  load  after  disreef. 
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The  computation  is  carried  out  in  steps  usjing  equations  30  through  33  to 
describe  system  motion  and  a  program  of  drag  area  changes  similar  to  that 
in  Figure  57  for  determination  of  the  values  of  4*1  and  4*2  pertinent  to  each 
step.  The  growth  that  occurs  during  the  reefed  interval  caii  be  estimated 
with  the  aid  of  Figure  47.  Figure  47b  is  for  the  88. 1  ft  D0  Ringsail  only. 

If  another  size  parachute  is  used1  we  cannot  be  certain.  The  reefed  intervals 
are  assigned  first  on  a  tentative  basis  and  the  filling  times  are  calculated 
with  empirics:!  formulae  such  as  42  and  43.  As  the  computation  progresses 
through  seyeral  iterations,  optimum  reefed  intervals  will  be  developed. 

The  added-mass  shape  factor  (Ka)  is  equal  to  0.  66  for  modified  Ringsails  of 
the  Apollo  type  but  has  not  been  evaluated  for  the  standard  design.  Because 
this  is  pertinent  only  to  the  final  stage  of  inflation  after  disreefing  when  the 
effect  of  the  crown  geometric  porosity  is  diminished,  Ka  for  the  standard 
Ringsail  design  may  not  be  greatly  different.  Tfye  results  of  two  or  three 
well- instrumented  drop  tests  would  be  sufficient  to  provide  substantiating 
data. 

i 

,  \ 

The  instrumental  measurements  required  as  a  minimum  are:. 

'  .  1 

a.  Weights  of  parachutes  and  vehicle  during  deployment  and 

steady  descent  ,  ’  < 

I  : 

b.  Photo  theodolite  flight  trajectory  elements  coordinated  with 
parachute  force-time  and:  atmosphere  density-altitude 
measurements, 

.  '  I 

c.  Onboard  and  ground-based  motion  picture  records 

•  >  i 

i  • 

It  was' found  that  reefed  opening  loads  could  be*  predicted  accurately  neglecting 
the  added  air  mass,  i.  e. ,  Ka  =  0  for  reefed  stages.!  Further,  with  the  end  of 
reefed  filling  marked  by  the  instant  at  which  the  parachute  force  reached  its 
peak,  the  assumption  o,f  linear  area  growth  with  time  gave  good  results.  Thus, 
in  the  area  growth  equations  (53  and  56),  the  exponent  n  -  1.0  for  the  reefed 
stages.)  On  the  other  hand,  in  the  final  stage  of  inflation  after  disreefing,  n 
proved  to  be  a  function  of  the  fillipg  time,  varying  with  Atf0  as  shown  in 
Figure  60.  The  applicability  of  this  data  derived  from  tests  of  the  Apollo 
main  parachute  (slotted  design)  to  the  standard  design  also  is  uncertain;  • 
additional  test  evidence  is  needed. 

i  ’ 

The  Mass-Time  method  of  opening  load  prediction  gives  good  results  when 
the  computation  is  carried  out  with  a  two  DOF  digital  computer  program 
designed  around  the  equations  of  motion  given  (30  through  33)  and  incorporat¬ 
ing  the  variation  of  atmospherit  density  with  altitude.  When  the  empirical 
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n 


^tfQ  (sec) 


Figure  60,  Drag  Area  Growth  Exponent  va  Filling  Time 
(Diareef  to  Full  Open) 
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coefficients  and  exponents  have  been  correctly  evaluated,  the  peak  loads  will 
be  within  *5%  of  actual  and  the  final  peak  after  d is  reefing  will  occur  at  the 
correct  time  prior  to  foil  inflation.  An  example  of  the  results  obtained 
during  the  Apollo  program  is  illustrated  in  Figure  61 . 

The  example  in  the  form  presented  was  computed  to  provide  partial  verifica¬ 
tion  of  the  data  reduction  process;  i.  e.  average  values  of  CjjSr/ CqSq  and  Ka 
obtained  from  all  tests  were  used  as  inputs  along  with  measured  filling  time 
and  reefed  intervals  for  this  test.  Exponent  n  was  read  from  Figure  59.  The 
pre-test  computation  is  carried  out  step  by  step  for  each  area  stage  to  deter¬ 
mine  the  velocity  at  the  start  of  each  filling  interval.  Then,  average  values 
of  K £  for  each  stage  (e.  g. ,  Table  IX)  enable  appropriate  filling  time  to  be 
calculated.  Nominal  reefed  intervals  also  are  used  as  inputs.  A  pre-test 
computation  superimposed  on  Figure  60  would  show  the  peak  loads  shifted 
in  time  where  actual  reefed  intervals  departed  from  the  nominal  and  actual 
filling  times  varied  from  the  averages  calculated  with  Kf  values  derived 
from  all  prior  tests. 

In  order  to  evaluate  the  parameters  of  the  Mass- Time  method  from  the 
results  of  aerial  drop  tests  it  is  necessary  to  obtain  coordinated  velocity, 
dynamic  pressure  and  parachute  force  histories.  The  filling  time  from 
disreef  to  full  open  must  be  measured  independently  from  photo  records, 
because  this  does  not  appear  in  the  force-time  record.  Other  measurements 
required  to  define  inputs  to  the  computer  program  include:  initial  altitude, 
velocity,  path  angle,  system  weights;  system  descent  weight  when  this  differs 
from  the  initial  value;  parachute  weight  (A  detailed  breakdown  by  components 
should  be  recorded  at  the  time  the  parachutes  are  rigged  and  packed.)  and 
the  reefing  parameters  used  (reefing  line  length  or  D^/D0  and  reefing  line 
cutter  nominal  timed  intervals).  The  computer  program  was  made  double- 
ended  and  can  be  run  backward  to  facilitate  data  reduction,  i.  e. ,  inputing 
trajectory  data  to  obtain  C^S  vs  time  and  Ka,  for  example. 

6,  3.  3  The  Area -Distance  Method 

The  Area-Distance  method  of  predicting  parachute  opening  loads  is  identi¬ 
fied  in  Reference  14  as  the  ’’Modified  Mass-Time”  methods.  This  method  is 
similar  to  the  Mass-Time  method  in  all  particulars  except  that  the  distance 
traveled  by  the  parachute  while  it  inflates  through  each  stage  is  expressed 
as  a  function  of  the  drag  area  growth.  The  reduced  test  data  showed  the 
filling  distance  of  each  reefed  stage  to  be  a  linear  function  of  the  change  in 
effective  drag  area  during  the  stage.  The  computer  program  was  modified 
to  accept  these  filling  distances  and  to  calculate  how  far  the  vehicle  traveled 
after  the  beginning  of  inflation,  by  integrating  the  velocity  and  "remembering" 
where  it  started. 
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Figure  61.  Mass -Time  Method;  Calculated  vs  Measured  Opening  Loads  {Apollo 


The  non-linear  function  of  the  final  stage  of  inflation  expressed  Cj}S  in 
terms  of  lineal  constants  and  a  function  of  s*  derived  from  averaged  test 
data  where  s*  is  the  distance  traveled  since  passing  a  reference  point  a  fixed 
distance  before  the  completion  of  filling.  There  are  other  complications 
that  introduce  discontinuities  and  make  the  final  stage  calculation  somewhat 
specialized.  The  drag  area  values  between  inflation  intervals  were  deter¬ 
mined  as  time  functions  in  the  manner  specified  for  the  Mass-Time  method. 

One  of  the  important  advantages  of  the  Area-Distance  method  is  that  the 
filling  times  fall  out  of  the  calculation.  They  do  not  have  to  be  calculated 
in  advance.  This  greatly  simplifies  the  approach  to  prediction  of  clustered 
parachute  opening  loads,  which  was  a  prime  objective.  Applied  to  single 
parachute  cases  the  method  predicted  reefed  opening  loads  with  an  accuracy 
slightly  better  than  that  of  the  Mass -Time  method.  Both  methods  had  large 
errors  in  the  loads  predicted  for  final  opening  stages  of  clustered  canopies. 
Also,  both  methods  were  not  fully  developed  for  the  cluster  calculations, 
because  only  empirical  coefficients  for  single  parachutes  were  available 
eg  . . .  Ka  and  ds/d'h  The  observed  discrepancies  suggested  that  the  added 
mass  terms  caused  each  parachute  to  have  a  strong  effect  on  the  loads  of 
the  others  through  the  mechanism  of  system  deceleration. 

The  promising  potential  of  both  methods  for  further  development  is  shown 
in  Figures  62  and  63,  comparing  measured  and  calculated  forces  for  two- 
canopy  cluster  cases. 

One  of  the  significant  aspects  of  the  computed  force-time  histories  is  that 
they  were  generated  by  the  equations  of  motion  and  parachute  forces  with 
the  input  of  single  canopy  inflation  characterisitics.  Only  the  disreef  time 
differentials  derived  from  the  cluster  test  data  were  included  to  trigger 
the  nonsynchronous  inflation  process.  The  fact  that  the  force -time  history 
of  the  lag  canopy  is  reproduced  with  good  fidelity  is  ample  evidence  that 
the  momentum  of  the  added  air  mass  coupled  with  system  deceleration  is 
the  prime  factor.  As  noted,  the  equation  for  parachute  force  (Equation  52) 
accounts  for  the  effect  of  system  deceleration  on  dynamic  pressure  in  the 
drag  term  during  the  reefed  intervals  and  on  both  drag  and  added  air  mass 
after  di  sreefing,  each  parachute  in  the  cluster  being  computed  individually 
such  that  F  =  F^  +  F^  +  •  •  •  Fn.  There  is  nothing  in  the  equations  cor¬ 
responding  to  the  mechanical  and  aerodynamic  interference  seen  to  take 
place  between  the  inflating  canopies  in  the  film  records.  While  this  inter¬ 
ference  distorts  the  canopies  by  flattening  or  caving  in  adjacent  surfaces, 
the  evidence  shows  that  this  does  not  inhibit  air  ingestion  or  the  inflation 
rate.  The  theory  of  deceleration  induced  inflation  instability  of  clustered 
canopies  was  first  presented  in  Reference  34. 
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Force,  1000  lb 


6. 4  STRESS  ANALYSIS 


Today,  there  are  essentially  only  two  practical  methods  of  calculating  the 
internal  loads  of  a  parachute  structure. 

a.  The  Short  Method  (Illustrated  in  Section  5  and  Appendix  C) 

b.  The  Computer  Method  (Described  in  References  13  and  25). 

There  is  no  intermediate  analytical  approach  of  a  general  nature  that  will 
yield  results  any  more  dependable  than  the  short  empirically-based  method. 
AH  of  the  intermediate  quasi-analytical  methods  developed  are  complex, 
laborious,  and  time  consuming  and  their  usefulness  is  limited  to  a  particular 
type  of  parachute  structure  or  a  particular  set  of  operational  conditions 
(Reference  24). 

6, 4, 1  Structural  Design  Factors 

The  structural  design  factors  (D.  F. )  are  derived  from  required  safety 
factors  (S.  F. )  and  allowable  strength  factors  (Ap)  as  the  ratio 

D.F.  =S.F./Ap  57 


The  allowable  strength  factor  is  the  product 

Ap  cutoktrs  cost  56 

where  the  subfactors  used  in  Ringsail  design  are  defined  as  follows.  (The 
typical  values  given  in  parenthesis  are  seldom  all  used  at  the  same  time, 
some  being  equal  to  unity  for  each  design  case. ) 

u  »  joint  or  seam  efficiency  (.  85  applied  only  to  MIL-Spec  rated 
minimum  strengths) 

e  a  abrasion  loss  (.  95) 


o  a  humidity  loss  (.  95) 
k  a  fatigue  loss  (.  95) 

▼  »  temperature  loss  (*  97  #85 "F  to  account  for  the  loss  in  the 
strength  of  nylon  due  to  dynamic  heating,  for  example) 
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4  =  vacuum  loss  (*) 

i 

0  =  load  distribution  ratio  {.  95) 

^  =  line  convergence  angle  or  similar  deflection  of  the  applied 
load  {0  to  20°  or  cos  =  .  94  max.  applied  to  the  opening  load 
after  disreefmg) 

For  other  values  typically  assigned  to  these  allowable  strength  factors  see 
References  6  and  24.  The  allowable  strength  of  the  textile  form  is 


PA  =  AP  PR 
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For  design  purposes,  the  required  minimum  strength  of  material  (P1^  for 
a  given  member  is 

t  i 

P'^  «  (D.  F. )  (Limit  Load)/z  60 


where  z  is  the  number  of  identical  cords,  webs,  or  tape  plies  in  the  member 
(for  fabric  z  =  1. 0). 

In  the  stress  analysis  the  margin  of  safety  (M.  S, )  of  each  member  subject 

to  an  applied  load  (T  )  is 

c 

M.S.  S  (P./T.)  -  1  61 

A  C 


6.4.2  The  Short  Method 
6. 4.  2. 1  Canopy 

The  short  method  of  estimating  canopy  internal  leads  is  based  on  membrane 
theory  and  depends  heavily  on  empirically  derived  coefficients  and  to  some 
extent  o.i  the  judgment  of  the  designer.  A  general  expression  for  the  circum¬ 
ferential  unit  load  or  hoopstrcss  in  an  ellipsoidal  surface  of  revolution  having 
no  bending  strength  is 

T  pr  -  Y  (r  / »  ,)  o2 

C  r  c  2 


♦The  vacuum  factor  was  -  0.  8  for  the  fu  st  Apollo  parachutes  to  allow  for 
the  estimateo  eifects  of  outgassing  and  dehydration  in  a  hard  vacuum,  hut 
later  it  was  concluded  that  Ute  materials  recovered  sufficiently  during 
atmospheric  entry  that  this  factor  i  He  neglected. 


where  p  is  a  uniformly  distributed  pressure,  rc  is  the  local  radius  of  curva¬ 
ture  in  tbs  circumferential  diraction,  is  the  unit  load  in  tbs  meridional 
direction,  and  rj  is  the  local  radius  of  curvature  of  the  meridian. 

As  noted  in  Reference  22,  "The  difficulty  inherent  in  attempting  to  apply 
equation  (62)  to  a  decelerator  surface  that  is  not  a  surface  of  revolution  is 
evident,  although  it  is  well  suited  for  computing  unit  loads  of  bi-axial  struc¬ 
tures  like  woven  fabric. M 

The  short  method  employs  ths  simplest  form  of  equation  (62)  to  develop 
empirical  formulae  for  the  unit  loads  in  ths  canopy  fabric,  i.  e, , 

T  =  Kpr  63 

c 

where  K  -  1.0  for  simple  curvature  (cylindrical,  conical)  and  K  =  0,  5  for  a 
spherical  surface.  For  other  shapes,  K  falls  between  0. 5  and  1.0. 

From  these  relationships  for  unit  pressure, 

p  *  F/Sp  64 

and  for  radius  of  curvature, 

r  a  0  U  65 

P 

The  formula  givan  in  Section  5  is  obtained  by  substitution  in  equation  (63) 
withK  *  0.5. 

T  «  F/»0  66 

c  p 

To  estimate  Dp  for  the  reefed  canopy,  ths  effective  drag  area  must  bo  known 
in  order  to  calculate 

S  aC_S0/C„  67 

p  D  8  D 

P 

using  Cg  from  Figure  55b  for  a  given  reefing  ratio  (D^/D  ). 

wp  HO 
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The  problem  is  more  difficult  when  the  canopy  is  not  reefed  because  the 
projected  diameter  of  the  canopy  at  the  instant  of  pz&k  loading  is  not  pre¬ 
dictable.  The  same  is  true  after  diareefiug.  where  various  strategies  are 
used  to  define  a  local  radius  of  curvature. 

When  the  unit  canopy  loading  ie  low  iaay  when  W/CqS0  <1. 0)  the  peak  open¬ 
ing  load  occurs  early  in  the  inflation  interval,  and  the  non- reefed  canopy 
can  be  treated  like  reefed  canopy  by  simply  estimating  from  empirical 
data  what  the  equivalent  reefing  rsti*>  Wiiyid  be.  Sometimes  a  more  accurate 
estimate  of  radius  of  curvature  can  be  obtained  from  damage  statistics,  with 
the  assumption  that  the  cloth  developed  its  rated  strength  at  the  time  of 
failure  when  the  parachute  force  wa a  a  known  value.  Then  from  Equation  66 

i>„  -  F/nT  06 

P  e 

where  Tc  *  s  u  P^,  using  u  -  1  when  the  cloth  failure  did  not  occur  along  a 
seam  and  s  -  0.6  for  full  sails  in  which  the  trailing  edge  stress  is  critical,  * 

When  the  unit  canopy  loading  is  relatively  high  the  peak  load  of  the  non* 
reefed  canopy,  like  that  following  d  is  reefing  of  the  reefed  canopy,  occurs 
later  in  the  filling  interval  and  in  the  limiting  case  may  be  coincident  with 
foil  inflation.  This  occurred  in  disreef  overload  tests  of  the  8$.  6  ft 
Apollo  main  parachute  with  W /C^Sy  £i.  The  results  of  one  of  these  teats 
provides  an  instructive  example  oi  the  empirical  approach  described  above. 
In  the  test  in  question  fid *3)  the  parachute  canopy  was  destroyed  by  a  toad 
which  reached  a  peak  at  the  onset  of  failure  of  %4. 136  lbs.  The  rated 
strength  of  tins  cloth  was  Tp  43  lb/ in.  ann  the  average  seam  efficiency 
measured  u  s.5  7d,  With  the  assumption  shat  failure  occurred  at  a  unit  load 
of 

T  *H  ttd  l  IS.  13  lb /in, 

c 

i&jilitidn  68  yields  »•  66.4  ft  or  .  ?"t»  11^.  '1  falls  between  Dpi  !)„  -  3/5 
{nominal!  and  D^/ D,  .  ‘ft,  the  latter  value  being  the  result  of  canopy  mea - 
sur men’s  made  at  the  peak  toad  instant  m?  *  similar  test  in  which  ultimate 
damage  wa&  not  sustain?-*. 


*Tbt  straee  analysis  f  resented  m  Hcfciem  r  i  f  show.*  tire  average  »?mi 
load  «(  t  os 5  t>.«  f  —  »i«  aH  - -»■  ♦  .t  maximum  at  tnnlmg  edges. 


Other  significant  aspects  of  the  design  problem  brough  but  by  this  example 
are: 

a.  In  the  design  limit  case  the  unit  canopy,  loading  would  be  much- 
less  (because  the  test  was  performed  with  an  overweight, 
vehicle)  and  the  peak  load,  occurring  earlier  in  the  filling 
interval,  would  likely  cause  the  critical  hoopstress  to:  occur 
higher  in  the  canopy.  . 

! 

b.  The  elasticity  of  the  structure  results  in  substantial  over- 
expansion  of  the  canopy  under  heavy,  loads,  i»  e.-»  well 
beyond  the  nominal  projected  diameter. 

Consider  the  parachute  of  the  above  example  from  the  designer's  viewpoint 
with  a  given  limit  load  of  F  =  25,  000  lbs  and  required  SvF.  =  1.35.  Applying 
Equation  66,  he  would  let  Dp  =  2/3  D0  =  57  ft  and  obtain  Tc  14  Ib/in.  !  For 
S.  F.  =  1. 35  a  design  factor  of  D.  F.  ='  2.  7  should  be  used  when  s  =  0.  6, 
whence  P'jj  =  38  lb/ i n.  and  1. 1  os  ripstop  cloth  rated  at  42  Ib/in i  would  be 
selected.  The  fact  that  laboratory  test  data  on  hand  showed  a  minimum 
breaking  strength  of  45  lb/in.  would  boost  the  design  factor  to  a  realized 
value  of  D.  F.  =  2.  9  for  added  confidence. 

The  conservative  nature  of  Equation  66  is  brought  out  by  Examination  of’ its 
underlying  assumptions.  The  Ring  sail  canopy  is  not  a  surface  of,  revolution 
but  an  ellipsoid  made  up  of  radial  ribs  and  a  large  number  of  small  semi-  , 
conical  surfaces  supported  only  along  the  edges  attache^  to  the  ribs.  The 
profile  radius  at  any  stage  of  inflation  is  everywhere  less  than  Dp/2  except 
in  the  region  close  around  the  central  vent.  Here  the  assumption  of  a 
spherical  surface  in  which  r  =  Dp/  2  is  a  good  approximation.  '  ' 

1 

The  unit  diffential  pressure  is  not  uniformly  distributed  across  the  inflated 
area  of  the  canopy  but  varies  along  the  radials  approximately  as  shown  in  ) 
Figure  64,  However,  across  the  central  spherical  region'  of 'the  canopy 
the  differential  pressure  is  essentially  constant.  These  pressure  distribu¬ 
tions  are  those  of  several  different  ones  tested  in  the  CANO  computer 
analysis  of  the  85.  6  ft  modified  Ring  sail  that  gave  best  results  ih  terms 
of  canopy  shape  and  total  load  vs  measured  data  as  reported  in  Reference  13. 
Since  the  shape  and  structure  of  the  standard  Ringsail  is  similar,  it  is 
probable  that  such  pressure  distributions  .are  representative  and  could  be 
used  in  the  analysis  of  new  Ringsail  designs.  Thus1,  the  pressure  calculated 
as  p  =  F/Sp  would  be  less  than  actual  if  all  of  the  parachute  force  was  the 
product  of  pressure  loading.  However,  an  unknown  but  possibly  significant 
fraction  of  F  is  due  to  skin  friction,  which  fends  to  mitigate  the  unconserva- 
tive  assumption  about  the  pressure  distribution.  < 
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6. 4. 2.  2  Suspension  Lines 

The  load  in  one  suspension  line  can  be  calculated  with  precision  using 

T  =  F.  _  ./N  cos*  69 

C  JL1M 

However,  the  required  strength  of  material  based  on  its  allowable  strength 
is  determined  as  given  in  Section  5  from 

P‘R  =  (D.F.)  F^/N  (Equation  25) 


in  which  the  design  factor  includes  cos*  along  with  the  other  allowable 
strength  {actors.  With  =  P'^  for  suspension  line  cord  (using  Equation  69) 
the  margin  of  safety,  in  expanded  form  for  clarity,  is 


M.  S. 


AP  ?R 
FLIM/NcOS+ 
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6. 4.  2.  3  Radial  Tapes 


The  load  in  each  pair  of  radial  tapes  is  equal  to  the  load  in  the  suspension 
line 8  up  to  the  point  of  tangency  with  the  pressurized  bulb  of  the  canopy, 
both  reefed  and  after  disreefing.  But  after  the  reefed  load  peak,  when  the 
canopy  continues  to  grow  and  build  up  tension  in  the  reefing  line,  the  tension 
in  the  radial  will  become  greater  than  in  the  suspension  line  in  proportion 
to  the  canopy  development  angle  between  them.  This  is  not  a  critical  load¬ 
ing  condition  for  the  radial  but  is  for  the  reefing  line  as  shown  in  Section 
6. 4.  2,  6. 


The  fact  that  a  radial  tape  strength  (in  pairs)  -of  90%  P'g  for  the  lines  is 
acceptable  merely  recognizes  the  fact  that  the  efficiency  of  the  suspension 
line  joint  is  generally  about  90%  and  the  tape  joint  is  reinforced  by  the 
canopy  cloth, 

6, 4.  2.  4  Risers 

The  load  in  one  riser  is  calculated  by  the  same  method  used  for  the  suspen¬ 
sion  lines  simply  by  substituting  for  N  in  Equation  69. 
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6. 4.  2.  5  Circumferential  Bands 


Because  circumferential  reinforcing  bands  are  largely  redundant  members, 
the  only  way  to  obtain  a  realistic  load  estimate  is  to  assume  that  the  cloth 
in  one  gore  is  cut  for  part  or  all  of  its  length  as  shown  in  Figure  65.  This 
approach  is  illustrated  in  Reference  6.  The  validity  of  the  result  was 
substantiated  by  a  test  reported  in  Reference  8  in  which  the  lightweight 
Century  Ringsail  sustained  gore  failures  above  and  below  the  reinforcing 
band  but  the  band  held  and  prevented  the  vent  from  opening  widely.  The 
design  analysis  was  aided  by  existing  data  for  another  Century  parachute 
test  in  which  the  canopy  split  from  vent  to  skirt.  From  the  failure  analysis 
it  was  possible  to  deduce  approximate  values  for  the  unit  running  load  and 
radius  of  curvature  at  the  point  where  the  band  appeared  to  be  needed. 

A  similar  method  is  based  on  the  observation  that  the  peak  load  after  di  s- 
reefing  occurs  at  a  time  when  the  projected  area  of  the  canopy  is  between 
Sp  =  0.  7  and  0.  8  Sp  for  W/CdS0  =  1. 0  to  1.3  psf  (Reference  14).  Use 
Sp  **  1. 0  SpQ  for  higher  canopy  loading.  At  this  same  time  the  linear  dimen¬ 
sions  of  the  canopy  are  elongated  about  10  percent  by  the  design  limit  load 
so  that 

D  =  1.  1  (4  S  /*)1/2  71 

P  P 

With  reference  to  Figure  65,  the  unit  running  load  Tc  is  calculated  with 
Equation  66  using  F  =  Ft,tm  and  the  assumptions  are  made  that  the 

hoop  tensions  in  the  bands  are  equal  and  that 

T.  +  T  =  (h.  -  h  )  T  72 

b  V  D  v  c 

Whence 

Tb  “  (hb  -  hv>  V2  73 

Experience  teaches  that  a  good  location  for  the  band  is  on  the  upper  edge  of 

a  ring  about  midway  between  the  vent  and  the  "equator"*  of  the  inflated 

canopy.  The  equator  of  the  fully  inflated  canopy  is  close  to  h/hR  =  0.  85. 

When  the  canopy  is  partially  inflated  the  location  of  the  equator  is  assumed 

to  be  at  h  =  wD  /4. 

P 


*  Term  used  to  designate  the  point  at  which  the  perphery  of  the  inflated 
canopy  is  a  maximum 
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6. 4,  2.  6  Reefing  Line 


Calculation  of  the  tension  in  the  reefing  line  is  straightforward  when  the 
riser  load  and  the  canopy  development  angle  are  know.  From  the  vector 
relations  given  in  Figure  66,  it  can  be  shown  that 

T  =  F  (tan4*  -  tan(j>)/2ir  74 

R 

Unfortunately  neither  of  the  governing  factors  can  be  determined  accurately. 
Initially  the  canopy  development  angle  (^  -  4>)  Is  zero  and  is  still  quite  small 
when  F  reaches  its  peak.  Then  as  the  force  decays  with  -  4>  continuing  to 
increase  the  tension  in  the  reefing  line  reaches  its  peak.  In  other  words,  the 
peak  reefing  line  load  is  not  directly  related  to  the  peak  parachute  force,  and 
steady  state  wind-tunnel  measurements  are  not  applicable. 

A  few  measurements  of  reefing  line  loads  were  made  during  the  Apollo  para¬ 
chute  development  program.  These  are  presented  in  Table  XXIII.  The 
maximum  values  turned  out  to  be  much  less  than  expected  on  the  basis  of 
data  given  in  Reference  24,  as  the  following  table  of  measurements  shows. 
Inasmuch  as  somewhat  higher  load  ratios  can  be  expected  in  standard  Ring- 
sails  due  to  the  more  rapid  rate  of  increase  in  ( ip  -  associated  with  their 
characteristic  growth  while  reefed,  the  designer  should  base  his  reefing  line 
material  selection  on  a  more  conservative  load  evaluation.  It  appears  that 
an  amply  conservative  load  could  be  calculated  as 

TR  =  2.  5%  Fr  max.  75 

or  select  a  reefing  line  material  of 

PR  =  5%  Fr  max.  r  '  .  76 

but  not  less  than  1000  lb' coreless  braided  cord  in  any  event,  this  being  the 
allowable  maximum  for  standard  minature  reefing  line  cutters. 

6.  4.  2.  7  Pilot  Chute  bridle  and  Harness 

The  bridle  and  attaching  harness  o[  a  pilot  chute  is  subject  to  an  initial 
impact  load  that  has  been  of  critical  magnitude  in  some  Ringsail  systems, 
notably  those  of  the  Apollo  and  Century  parachute  development  programs. 
When  it  is  feasible  to  neglect  drag,  the  bridle  and  lines  can  be  treated  as 
a  linear  spring  and  the  probable  magnitude  of  the  snatch  force  estimated 
from  the  expression: 

F  =Av(km)l/2  77 

s 
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Figure  66.  Method  of  Calculating  Reefing  Line  Tension 


where  Av  is  the  velocity  differential  between  vehicle  and  pilot  chute  at  line 
stretch,  k  is  the  effective  spring  constant  and  m  is  the  mass  of  the  pilot 
chute  canopy  plus  one-third  of  the  mass  of  bridle  and  lines.  The  stress- 
strain  characteristic  of  nylon  cord  shown  in  Figure  67  is  typically  non¬ 
linear,  but  two  average  spring  constants  are  identified:  kj  is  applicable  to 
limit  load  calculations  and  k£  to  ultimate  load  calculations.  Av  is  determined 
from  two-body  trajectory  computations. 

Of  course,  the  drag  of  the  permanently  attached  pilot  chute  is  not  negligible 
when  the  main  canopy  comes  taut  and  the  fully  inflated  pilot  chute  is  im¬ 
pulsively  accelerated  to  the  vehicle  velocity.  Computation  of  the  impact 
load  in  this  case  is  best  accomplished  with  a  digital  computer  program 
written  for  a  two-body  spring-mass  system.  However,  the  results  should 
be  used  circumspectly  because  the  computed  load  will  not  be  conservative 
when  the  shock  onset  is  sufficiently  high  to  generate  traveling  stress  waves 
in  the  bridle.  (See  Reference  1 3. ) 


TABLE  XXIH 


MEASURED  REEFING  LINE  LOADS  ON  THE  85.  6  ft  Dc 
MODIFIED  RINGSAIL 


Test  No. 

Reef 

Ing  Data 

Maximum  Loads 

Ratio 

t„/f„ 

mrmm 

Em 

81-1 

2 

24 

(1)  19052 

229 

.0120 

(2)  13692 

132 

.0096 

80-3 

2 

28.5 

14760 

121 

.0082 

80-3R 

2 

26.7 

21184 

307 

.0145 

80-3R1 

2 

26.7 

19491 

121 

,0062 

81-3 

2 

26.7 

(i)  14710 

225 

.0153 

(2)  19925 

257 

.0129 

81-4 

1 

8.4 

(1)  16318 

*•  m 

mm 

(2)  15834 

143 

1 

81-2 

26.7 

(!)  18597 

259 

Bj 

(2)  13391 

Mm 

NOTE:  This  reefing  line  loads  were  measured  with  strain  gage 
force  transducers  in  the  lines  having  electrical  leads  running 
down  the  suspension  lines  to  the  telemetry  transmitter  in  the 
vehicle. 
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figure  6 7.  -  Strain  Characteristic  i»f  Nylon  Textiles 
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6. 4.  3  The  Computer  Method 

•  ,  * 

A1  digital  computer  program  identified  as  CANO  was  developed  for  poly- 
symmetric  annulate  parachute  structures  (Ribbon,  Ringslot,  and  Ringsail) 
through  which  a;  complete  internal  loads  analysis  can  be  performed  using 
an  IBM  60-90  computer.  The  'mathematical  model  includes  the  dimensions 
of  every  structural  member  in  the  parachute,  together  with  the  stress-strain 
characteristics  of  each  different  nhaterial  (e.  g. ,  Figure  67),  the  pressure 
distribution  across  thef  canopy  (e.  g. ,  Figure  64),  the  shape  of  the  canopy, 
and  th^  applied  riser  load.  Stress- strain  computations  are  iterated  in  small 
steps  throughout' the  structural  model  until  the  calculated  shape  of  the  canopy 
agrees  with  the  observed  shape  and  the  calculated  net  pressure  load  agrees 
with  the  applied  load.  The  print-out  includes  a  tabulation  of  internal  loads 
for  each  structural  member  with  sufficient  accuracy  to  identify  critical 
areas  and  probable  points  of  failure.  This  enables  optimisation  of  the  struc¬ 
ture  fo*  consistent  small  margins  of  safety  throughout  the  parachute, 

A  CANO  user's  manual  which  inbludes  a  listing  of  the  program  is  given  in 
Reference  25.  Its  application  to  the  stress  analysis  of  the  Apollo  parachute 
system  is  demonstrated  in  Reference  13. 


1 6.  5  ‘  CALCULATION  OF  RINGSAIL,  WEIGHT 

In  making  weight  calculations  it  is  convenient  to  prepare  a  table  listing  all 
the  members  in  the  structure,  their  lengths  (or  areas)  and  their  unit  weights. 
Total  lengths  (or  areas)  are  summed  and  multiplied  by  the  corresponding  unit 
weights  to  obtain  the  weight  of  each  set  of  components.  Table  XXIV  presents 
a  list  of  the  unit  weights  of  textiles  frequently  used  in  Ringsail  parachutes. 

6.  5. 1  Canopy  and  Lines 

( 

A  less  accurate  yet  useful  estimate  of  the  weight  of  canopy  and  lines  can  be 
made  fairly  qqickly  with  this  relationship. 

!  f  *  $  w  ♦  N  l  wtf  78a 

Poe  s  f 

Where  wc  is  the  unit  weight  of  an  existing  canopy  of  similar  design  and  w/ 
is  the  unit  weight  of  the  cord.  Table  XXV  presents  some  typical  unit  weights 
of  Ringsail  canopies  calculated  with  the  same  formula.  i,e. , 

l  * 

3  w  -  (W0  -  Ns  w,)/S  78b 

e  r  I  o 
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$ 
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TABLE  XXIV 


TEXTILES  COMMONLY  USED  IN  RINGSAIL  PARACHUTES 


Textile  Form 

■■HI 

lb 

lb /inch 

lb/ft 

wnmm 

Cloth:  1. 1  oz  ripstop 

42-45 

(2)  1*  6  oz  ripetop 

50-58 

2«  25  os  cloth 

90 

Cord:  (coreless  braid) 

400 

550 

650 

^n!l*  Tx  a 

750 

HPE?  331 

mmm 

19 

Tape:  5/8  inch 

70 

gjfffffgffi 

5/8  inch 

90 

1, 06  inch 

200 

BWmfffrij 

one  inch 

300 

one  inch 

525 

•  00624 

Webbing:  9/16  inch 

500 

1/2  inch 

one  inch 

.0271 

one  inch 

mm 

1-3/4  inch 

10000 

•  0563 

-• 

NOTE:  (1)  Representative  measured  values  are  given  where  known 
(2)  Trip  selvage  cloth  per  Appendix  O 
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TABLE  XXV 


TYPICAL  UNIT  WEIGHTS  OF  RINGSAIL  CANOPIES 


D0(ft) 

So2«‘> 

*e/D0 

Ssg 

Li  ' _ 

N/.»f 

w  (lb /ft2)  j 

.  J 

29.6 

688 

.93 

11.9 

2.35 

.01388 

41 

1322  s 

.93 

2J,  9 

5.  90 

.01210  | 

56.  2 

2483 

,9? 

38.6 

7, 56 

.01248 

63.1 

3130- 

.  97  . 

53,0- 

10,91  - 

. 91343 

88.  i 

6091  1 

.1.4R 

105,4 

23.50 

.01345 

128.8 

13,  035 

1.15 

230 

63.6 

.01276 

1 

6.5.2  Risers  .  !*  '  ' 

A  good  weight  estimate  lor  a  conventional  short  rUcr  assembly  may  he 
made  with  .  .-.s, 

wR •  i.i  *  v> 

where  is  the  length  of  one  leg  in  lent  and  ww  is  the  unit  weight  © f  the 
webbing  in  lb* /ft. 

When  the  main  riser  trunk  is  longer  than  6  inches  add  the  difference  in  feet 

tO  ♦  1. 

6.6  CALCULATION  OF  RINGSAIL  l^OROSrTY 

At  best,  the  methods  of  calculating  parachute  porosity  yield  only  approxi¬ 
mate  results  due  to  the  elasticity  of  the  structure  and  the  flexibility  of 
ventilation  boundaries.  This  causes  the  relative  porosity  of  the  canopy  to 
vary  with  differential  pressure  over  a  wide  range,  such  that  during  opening 
the  relative  porosity  of  the  pressurised  crown  area  may  be  an  order  of 
magnitude  greater  than  that  of  the  fully  inflated  area  during  steady  descent* 
Since  it  is  customary  to  characterise  the  porosity  of  a  parachute  with  only 
one  number,  it  is  important  to  understand  to  which  phase  of  the  parachute 
operation  it  is  related. 


The  rated  air  permeability  of  parachute  cloth  (Xr)  is  measured  in  this 
country  at  a  differential  pressure  head  of  0.  5  inches  of  water,  i.  e. ,  Ap  = 
2. 60  psf.  From  the  relationship 


F  =  Ap  S  =  CDSq 
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the  equivalent  dynamic  pressure  is 

q  =  Ap/CD  81 

and  for  flat  panels  of  parachute  cloth  at  a  =  90*,  =  1.  74* 

whence 


q  =  2.6/1.74  =  1.49  psf 
which  corresponds  to  a  velocity  of 

v  =  35. 4  fps  £.  A.  S. 
e  r 

3  2 

The  cloth  permeability  is  expressed  in  ft  /ft  /min.,  and  defines  the  average 
through-flow  velocity  in  ft/mi n.  at  a  given  Ap.  In  these  terms,  any  change 
in  Ap  causes  a  marked  change  in X.  The  relative  porosity  defined  as  the 
ratio, A  -  X/v,  where  v  is  the  free  stream  velocity,  does  not  change  as  rap¬ 
idly,  but  below  Ap  =  3  inches  of  water  the  rate  of  change  is  still  significant 
as  shown  in  Figure  68  for  a  typical  parachute  cloth  of  Xr  =  125  ft/minute. 
Note  that  the  relative  porosity  corresponding  to  this  number  is  AR  =  4.45% 
and  the  ratio  *>r/Ar  =  28. 1  ft/min.  /1%.  But  in  the  calculation  of  parachute 
porosity  the  number  27.4  ft/min.  was  established  to  represent  1%  of  rela¬ 
tive  porosity  and  has  been  used  as  standard  for  many  years.  This  cor¬ 
responds  to  the  introduction  of  a  drag  coefficient  Cq  =  1.05  into  the  calcula¬ 
tion,  an  expedient  for  which  no  justification  can  be  found.  It  would  seem 
more  logical  to  apply  the  cloth  drag  coefficient  given  above  and  use  a  value 
of  21.  3  ft/min.  /percent  of  relative  porosity  to  obtain  a  total  parachute 
porosity  compatible  with  steady  descent  conditions.  Then  in  calculating  the 
canopy  porosity  pertinent  to  deployment  and  opening  conditions  a  value  of 
SJty  1  2. 0  ft/min.  /!%  applied  to  Xr  would  be  more  realistic,  i.  e, , ,  q*»60  psf. 


♦Unre ported  data  from  wind  tunnel  tests  of  rectangular  cloth  panels 
supported  on  two  sides  with  leading  and  trailing  edges  free. 
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Alto  for  such  conditions*  tho  calculated  goeir.etrie  porosity  should  be  based 
on  the  area  of  ventilation  in  the  pressurised  area  of  the  canopy  rather  than 
in  the  entire  area  (SQ).  However*  these  are  refinements  that  lack  of  time 
has  made  impractical  to  incorporate  into  the  calculation  of  Ringtail  porosity. 

The  total  porosity  of  the  canopy  is  defined  as  '  , 


V-  =  X  +  X_  (in  percent) 
T  g;  m 
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where 


1 


X  =  X 

+  X  . 

83 

g 

gc  gs 

j 

X  f> 

m  27. 4  l 

'  .84 

\gC  =  (Area  of  crown  ventilation)  (100)/So 
X„„  -  (Total  area  of  crescent  slots)  (100)/So 

g»  i  u 

=  Cloth  rated  porosity  in  ft^/ft^/mii}.  at 
Ap  =  0.  5  in.  water 

(Im porous  area  of  canopy)  (100)/So> 


i  ’ 


Because  of  the  difficulty  of  making  an  accurate  appraisal  of  some  of  these  i 
components,  several  assumptions  \yere  made  to  simplify  the  computation. 

i  1 

a.  Ventilation  area  covered  by  tapes  is  negligible. , 

i  ) 

b.  The  area  of  the  crescent- shaped  slots  can  be  characterized 

in  terms  of  an  average  slot,  1  1  1 

c.  The  imporous  area  is  a  constant  2.  5%.  i 

\ 

v 

d.  The  cloth  porosity  is  a  constant  =  105;  ft/mih. 

On  this  basis,  the  open  area  of  the  crown  ventilation  is  < 


Sc  =  sy  +  ^  £(slot  lengths) 


i  £5  =  .  00353  S  nD 
s  o  R 
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,i 


1 


wild  re  nn  iis  the  number1  of  rings  of  crescent  slots  in  the  canopy.  The  aver1- 
age  value  of  the  crescent  slot  area  was  derived  from  photogrammetric  data 
applied  ;to  the :  basic  dimensions  of  the  88.  1  ft  D0,  Ring  sail  which  indicated 
'that  the  area  of  the  slot  nearest  the  skirt  was  0.  408  percent  of  the  gore  area 
(Sq)  and,  that  of  the  uppermost  crescent  slot  was  0.  298%  Sq.  These  relative 
areas  were  calculated  for  slots  of  the  shapes  shown  in  Figure  69. 


Near  Skirt 


Near  Croym 

(  Uppermost  Crescent  Slot ) 


Figure  69;  Assumed  Shaped  of  Crescent  Slots 


The  expression  for  the  relative ,  po.ro  sity  of  the  clcth  reduces  to 

1  i  .  i 

1  1  Am  =  3.83  [l  -  .01  (A*  +  a.  5)1  1  87 

I  i 

i 

The  porosities  given  in  Table  IX  for  Rlngsaili  of  b0  =  41  ft  and  larger  wepe 
calculated  by  the  above  method.  The  porosities  of  the  smaller  models  were 
estimated  from  photogr'ammetric  data,  because  the, simpliiied  method  pro¬ 
duced  answers  that  were  clearly  too  low.  )  1 

A  more  accurate  method  of  calculating  the  relative  area  of  pach  ring  of 
crescent  slots  is  expressed  as  follows.  j  , 

I  _  mm  ^  J  l 

”  S_  /S  =  .67  Id  /N)2  (b/a)  1.007175  (h/h_)  -  ,003384  (h/r_)2l,  88 

Rn  Q  °  L  R  R  J  : 

I  1 

I  !  I  , 

This  allows  for  the  varying  shape  of  the  slot  with  its  position  in  the  gore  and 
for  variations  in  the  relative  widths  of  gores  in  different  canopy  designs.  In 
one  test  case  Utilizing  dimensional  data  for  the  63.  1  ft  Dq  model  the  calcu¬ 
lated  yaluo  of  XgS  came  out  15  percent  greater  than  that  obtained  yvith  the 
simplified,  method.  This  refined  method  has  not  seen  much  use  because  it 
1  is  laborious  andi  time  consuming1.  ' 

1  .  ,  v'V.i' 
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Inasmuch  as  the  method  of  calculating  porosity  incorporated  in  the  Ringsail 
computer  design  program  (WG  176),  yields  totals  that  are  about  20  percent 
less  than  those  produced  by  the  above  methods,  it  is  clear  that  considerably 
more  work  could  be  done  in  this  area  to  put  Ringsail  design  analysis  on  a 
firmer  footing. 


Ideally,  the  relative  porosity  of  a  parachute  canopy  should  be  presented  as 
a  function  of  dynamic  pressure  for  three  different  operational  conditions: 
reefed  opening,  opening  after  disreefing,  and  steady  descent.  The  total 
porosity  for  each  condition  might  be  defined  as 


X 


T 
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where  S  is  the  open  area  of  the  ventilation  in  the  pressurized  area  (S^) 
and  A^p “is  the  relative  porosity  of  the  cloth  in  the  same  area.  Although 
the  practical  difficulties  in  the  way  of  obtaining  such  data  are  formidable, 
the  end  result  finally  attained  would  be  a  marked  improvement  in  the  pre¬ 
dictability  of  parachute  performance. 


Since,  most  design  needs  can  be  satisfied  with  the  crown  geometric  porosity 

X  /100  =  (S  +  SS  )/S  90 

gc  v  go 

it  is  the  only  porosity  calculation  presently  required  for  Ringsail  design.  The 
precise  determination  of  total  porosity  can  be  left  for  future  development. 
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SECTION  7 

CONSTRUCTION  DETAILS 

The  preparation  of  detail  drawings  of  a  Ringsail  parachute  assembly  for 
use  in  the  shop  entails  consideration  of  a  number  of  features  peculiar  to 
the  Ringsail  design  along  with  many  others  common  to  the  art. 

7. 1  SAIL  PATTERNS 

A  table  of  sail  pattern  dimensions  including  seam  allowances  is  provided. 
These  are  calculated  from  the  gore  coordinates  as  described  in  Section  5. 

Note  that  the  warp  of  the  cloth  is  always  horizontal. 

7.  2  SAIL  EDGE  TAPES  (INTERCOST ALS) 

The  lengths  of  these  tapesare  determined  automatically  by  the  sail  sub- 
assembly  procedure  described  in  Section  8.  Hence,  no  dimensions  other 
than  the  sail  pattern  dimensions  are  needed.  The  use  of  Trip  Selvedge 
cloth  minimizes  the  number  of  tapes  required. 

7.  3  RADIAL  TAPES 

A  radial  tape  marking  diagram  is  provided  in  which  the  dimensions  between 
marks  are  identical  to  those  on  the  gore  assembly  layout,  i.  e. ,  neglecting 
the  angularity  of  the  radial  seams.  This  introduces  a  small  increment  of 
radial  fullness  in  the  sails  in  addition  to  that  resulting  from  the  fact  that 
the  woven  width  of  the  cloth  is  always  greater  than  its  nominal  width. 

Another  increment  of  fullness  results  from  take-up  due  to  thread  tension 
along  t)\e  seams. 

Two  sets  of  radial  tapes  are  identified,  one  extending  one  inch  below  the  skirt, 
the  other  two  inches.  When  assembled  in  pairs  the  bottom  extensions  provide 
a  wrap-around  tab  of  tapered  thickness  for  the  suspension  line  joint. 

7.  4  VERTICAL  TAPES 

Each  vertical  tape  is  made  of  one  length  of  tape  doubled  with  the  fold  at 
the  bottom  end.  The  tape  passes  around  the  lower  edge  of  the  sail  below 
the  last  ring  slot  in  the  crown  so  that  half  the  tape  is  on  top  and  the  other 
half  on  the  underside  of  the  canopy.  Since  the  1-2  slot  is  small  it  need  not 
be  crossed  by  the  tape  and  the  ends  can  be  finished  off  by  folding  them  over 
the  upper  edge  of  sail  2  as  shown  in  Figure  70.  It  should  be  noted  that, 
with  a  few  recent  exceptions,  Ring  sails  up  to  this  point  have  utilised  vertical 
tapes  across  the  1-2  slot  as  shown  in  Appendix  A. 
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Tape  Sail  Sail  1  rVen 4  Band 

\  \l 

Figure  70.  Cross  Section  of  Vertical  Tape  Cut  on  Gore  Centerline 


A  marking  diagram  is  provided  in  which  the  sail  spaces  are  made  approxi¬ 
mately  two  percent  longer  than  the  nominal  woven  width  of  the  cloth  to 
minimize  the  distortion  caused  by  take-up  along  the  seams  when  the  tape 
is  stitched  to  the  sails. 

7.  5  THE  GORE  SUBASSEMBLY 

The  gore  subassembly  consists  of  one  set  of  sails  and  one  pair  of  radial 
tapes  basted  together.  The  radial  tape  on  one  side  of  the  gore  is  placed 
on  top  of  the  sails  and  the  other  underneath  so  that  when  the  gores  are 
joined  along  the  radial  seams  the  two  layers  of  cloth  will  be  sandwiched 
between  the  tapes. 

One  vertical  tape  is  also  made  part  of  the  gore  subassembly.  It  is  stitched 
in  place  with  a  continuous  two-needle  seam  of  "E"  nylon  thread  running  full 
length. 


7.  6  RADIAL  SEAMS 

The  one-inch  radial  tapes  are  folded  together  with  the  cloth  in  the  one-half 
inch  fell  seams  to  minimize  the  variation  in  gore  widths  produced  by  over 
and  under- folding.  A  three-needle  seam  of  "F"  nylon  thread  is  used 
because  comparative  strength  tests  have  shown  this  yields  a  maximum 
seam  efficiency.  (With  700  lb  radial  tapes  and  8  to  10  stitches  per  inch 
the  seam  efficiency  in  1, 1  oz.  cloth  is  81  percent  and  in  2.  25  oz.  cloth, 

86  percent.) 

7.  7  '  CIRCUMFERENTIAL  BANDS 

xn  conformance  with  common  good  practice  marking  diagrams  are  provided 
for  vent,  skirt,  and  intermediate  bands  to  provide  N  equal  spaces  equal  to 
the  gore  width  at  the  latitude  of  each.  The  calculated  band  dimensions  are 
increased  by  shrink  allowances  as  follows: 
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Vent:  Cb  =  Cv'  +  (0  to  3%) 

Intermediate:  +  2% 

Skirt:  Cb  =  Cg  +  2% 

In  practice  these  allowances  are  negotiated  between  the  shop  and  engineering 
when  cloth  stretch  or  gathering  along  the  seam  poses  an  assembly  problem. 

Band  lap  splices  are  usually  made  4  to  6  inches  long  and  are  located  far  apart 
around  the  canopy,  each  centered  on  a  different  radial  seam. 

7.  8  SUSPENSION  LINES  AND  VENT  LINES 

Line  marking  diagrams  are  provided  in  conformance  with  common  good 
practice. 

The  vent  line  attachment  is  a  simple  4  to  6  inch  lap  over  the  main  seam 
secured  with  one  row  of  double -throw  zig-zag  stitches.  The  vent  line 
length  is  made  equal  to  the  vent  diameter  (Figure  71). 

The  skirt  line  attachment  is  a  4  to  6  inch  lap  over  the  main  seam  with  the  lower 
ends  of  the  radial  tapes  wrapped  snugly  around  the  cord  below  the  skirt  for 
a  distance  of  2  inches  all  secured  with  one  row  of  double- throw  zig-zag 
stitches, 

7. 9  PILOT  CHUTE  BRIDLE  HARNESS 

When  a  permanently  attached  pilot  chute  is  part  of  the  system  and  predicted 
impact  loads  are  high,  a  special  bridle  harness  is  employed  to  relieve  the 
vent  lines  of  the  strain  and  abrasion  produced  by  such  loads,  and  to  minimize 
the  vent  closing  tendency  of  bridle  tension.  The  number  of  lines  in  the  har¬ 
ness  is  made  equal  to  N  divided  by  an  even  integer,  and  the  ends  are  lap- 
spliced  to  the  under  side  of  the  radial  seams  parallel  to  the  vent  line  splices 
but  offset  enough  to  prevent  superposition  of  the  zig«zag  stitching.  The 
harness  includes  a  confluence  keeper  and  centering  loop,  and  the  length 
of  the  lines  is  made  equal  to  the  length  of  the  vent  lines,  i.  e, ,  vent  diameter, 
as  shown  in  Figure  71. 


7. 10 


RISERS 


The  riser  design  conforms  with  common  good  practice,  employing  a  keeper 
at  the  confluence  constrained  to  prevent  slippage  and  having  all  plies  stitched 
together  between  the  keeper  and  the  attachment  loop  to  prevent  interlaminar 
slippage.  Buffers  are  installed  in  each  attachment  loop. 

Standard  line  to  riser  links  of  the  separable  types  are  used  except  when 
weight  limitations  dictate  the  design  of  special  links  that  more  closely 
match  the  strength  required.  The  links  may  be  covered  with  envelopes 
of  dacron  felt  to  protect  the  textile  members  from  abrasion,  particularly 
when  the  packing  pressure  under  the  ram  foot  is  high. 


Figure  71.  Bridle  Harness  for  He rmanently  Attached  Pitot  Chute 
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SECTION  8 


FABRICATION  AND  ASSEMBLY 


Fabrication  and  assembly  of  the  Ringsail  parachute  follows  conventional 
shop  practices  with  the  exception  of  the  specific  construction  details  de¬ 
scribed  in  Section  7  wherein  the  Ringsail  differs  from  other  types  of  para¬ 
chutes. 

8.  1  Cloth  Layout  and  Cutting 

The  sail  dimensions,  as  described  on  the  engineering  drawing,  are  trans¬ 
ferred  to  heavy  pattern  material  in  the  shop  and  trimmed  to  size.  These 
serve  as  master  marking  patterns.  For  each  cutting  operation,  the  master 
pattern  is  used  to  layout  a  cutting  pattern  on  a  single  long  sheet  of  pattern 
paper,  alternating  the  upper  and  lower  sail  edges  to  minimize  materia) 
waste.  Some  wastage  is  unavoidable  because  the  angle  of  cut  is  different 
for  each  sail.  The  difference  may  be  negligible  in  the  small  sails  near  the 
vent  but  not  for  the  majority.  Care  should  be  taken  to  insure  that  the  pattern 
is  followed  because  neglecting,  to  any  degree,  the  angle  of  cut  could  seriously 
degrade  the  performance  of  the  finished  parachute.  A  large  cutting  table  is 
used  and  sail  material  is  distributed  over  the  length  of  the  table  (under  no 
tension,  back  and  forth)  so  as  to  create  a  stack  of  sail  material.  Care  must 
be  taken  to  insure  that  each  layer  of  the  material  is  smooth  and  the  edges 
straight  and  even.  The  thickness  of  the  stack  of  cloth  will  vary  depending 
upon  the  size  of  the  parachute  and  the  number  of  |»arachutcs  to  be  cut  at  any 
one  time.  This  generally  is  worked  out  by  the  manufacturer.  After  insuring 
that  the  stack  is  uniform  in  smoothness  and  straightness,  the  cutting  pattern 
is  placed  upon  the  material  stack  and  secured  into  position  with  weights.  The 
cloth  stack  is  cut  with  a  power  shear  along  the  lines  marked  on  the  cutting 
pattern.  Note  that  the  cutting  pattern  is  cut  simultaneously  with  the  sail 
stack.  Each  cut  set  of  satis  cliould  be  stamped  with  the  sail  number  near  the 
center  lower  edge  of  each  satl  to  aid  in  future  identification  and  assembly. 


8.  a  SAIL  EDGE  TAPES 


Sail  edge  tapes  are  (  tucked  dire,  tly  to  the  sails  chamwtse  off  the  roll  and 
cut  off  even  with  the  edge  oi  each  sail  !<>  separate  the  sail  subassemblies. 

The  cloth  and  tape  are  fed  through  the  two*  needle  sewing  machine  in  a 
manner  that  will  minimize  gat  he  ring  or  take-up  in  •'itlicr  member.  A  min¬ 
imum  thread  tension  is  used  aial  B"  nylon  thread  may  be  substituted  for  *'E" 
thread  on  sails  of  1.  1  oa/yd"  ripstop  clotln 
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8.3 


RADIAL  TAPES 


Radial  tapes  are  marked  under  nominal  tension*  in  accordance  with  the 
marking  diagram.  An  allowance  of  about  1/2  inch  is  made  at  each  end  for 
turning  under  yo  cover  cut  ends.  One  of  each  pair  of  tapes  is  made  one  inch 
longer  than  its  mate  at  the  lower  end  to  provide  for  the  tapered  suspension 
line  joint  (see  Figure  11). 

8.4  VERTICAL  TAPES 

The  double  vertical  tapes  are  marked  under  nominal  tension*  in  accordance 
with  the  marking  diagram.  An  allowance  of  about  one  inch  is  made  at  one 
end  for  turning  that  end  over  the  other  cut  end  when  finishing  the  gore  sub- 
assembly. 

8. 5  THE  GORE  SUBASSEMBLY  ( 

The  gore  subassembly  consists  of  one  set  of  sails,  one  pair  of  radial  tapes 
and  one  vertical  tape.  About  one-half  of  the  sails  will  be  subassemblies 
carrying  tapes  on  one  or  both  selvages,  the  remainder  will  have  trip  selvage. 
The  upper  edge  of  sail  1  will  have  a  1  -  inch  rolled  hem  basted  with  "B"  nylon 
thread.  One  of  the  radial  tapes  will  be  about  an  inch  longer  than  the  other. 

The  radial  tapes  are  placed  even  with  the  cut  edges  of  the  sails  and  basted 
with  one  or  two  rows  of  "B"  nylon  thread  through  each  sail  in  proper  order 
holding  upper  and  lower  edges  even  with  the  marks  on  the  tapes.  The  tape 
on  one  side  of  the  gore  is  placed  on  the  undersurface  and  the  other  on  the 
upper  surface,  always  in  the  same  order  from  gore  to  gore.  Cloth  fullness 
is  distributed  uniformly  between  marks.  The  basting  seam  is  placed  where 
it  will  not  interfere  with  subsequent  folding  and  stitching  of  the  main  radial 
seam. 

The  double  vertical  tape  is  stitched  in  place  along  the  gore  centerline  with 
a  continuous  two-needle  seam  of  "E"  nylon  thread  running  full  length.  The 
mid-tape  bend  is  made  around  the  lower  edge  of  the  sail  below  ihe  longest 
ringslot,  sandwiching  the  cloth  between  the  two  halves.  The  long  upper  end 
is  folded  back  1/2  inch  and  bent  over  the  upper  sail  edge  to  cover  the  short 
end  even  with  the  sail  edge. 


« 

Nominal  tension  is  sufficient  to  straighten  the  material  for  maintenance  of 
dimensional  consistency  without  undue  stretching,  usually  about  5  lbs 
carefully  measured  each  time. 
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8.  6  CIRC  UMFERENTIA  L  BANDS 

•  1 

j  .  ,  :  : 

The  vent,  skirt,  and  intermediate  bands  (if  any)  are  marked  under  nominal 
tension  in  accordance  jwith  the  marking  diagrams  on  the  drawing,  which 
include  provisions  for  lap  splices.  Temporary  marking  jigs  are  used  until 
'  the  spacing  take-up  allowance  has  been  verified  on  the  prototype  assembly. 

8.  7  SUSPENSION  lUNEis  AND  VENT  LINES 

I 

I  : 

Suspension  lines  and  vent  lines  are  marked  in  accordance  with  the  marking 
diagrams  while  subjected  to  a  uniform  tension,  usually  20  lbs.  As  in  any 
circular  parachute  the  purpose  is  to  produce  a  high  degree  of  uniformity 
in  the  length  of  lines  abound;  the  canopy.  The  material  should  be  rolled  off 
’the  spool  and  allowed  to  "relax"  tor  24  hours  before  marking.  Recently 
some  manufacturers  have  not  stored1  their  line  material  spools  hut  store  it 
loosely  in  boxes.  In  these  cases  it  is  not  necessary  to  relax  the  material 
'for  24  hours.  If  lines  are  unusually  long,  tension  may  be  applied  with  tho 
lines  routed  around  a  pulley. 

‘  i  . 

8. 8  RISERS  ' 

i 

1  ? 

Riser  materials  are  measured,  cut  and  assembled  in  conformance  with  the 
best  standard  practices  using  u- point  cross-stitch  patterns.  Box  stitch 
patterns  are  not  used. 

8.9  THE  CANOPY  ASSEMBLY 

.  ! 

The  canopy  assembly  consists  of  N  gore  subassemblies,  N/2  vent  lines, 
vent  and  skirt  bands,  ami  any  mid-canopy  circumferential  reinforcing  bamir 
that  may  be  required.  If  a  permanently  attached  pilot  chute  is  required, 
the  apex  bridle  harness  will  be  apart  of  the  canopy  assembly. 

The  canopy  is  assembled  go  re  *  by gore  with  three-needle  fell  seams  of  *'P" 
mylou  thread.  In  each  seam  the  two  radial  tapes  are  folded  together  to  one- 
half  width  with  the  cloth  sandwiched  between.  The  upper  and  lower  tapes 
are  held  together  and  fed  through  the  seeing  machine  from  sail  edge  to  sail 
edge  in  a  way  that  will  minimise  differential  gathering  of  the  cloth  and  dis¬ 
placement  between  adjoining  wail  edges  across  the  seam.  A  maximum 
misalignment  of  *1/4  inch  if*  acceptable  and  provides  adequate  continuity 
of  structure  around  the  canopy.  A  skilled  operator  requires  only  a  few 
minutes  learning  time  to  produm  work  within  this  tolerance.  Seam  folding 
aids  may  be  used  but  are  not  essential, 
s  8 


m 


» 


When  a  canopy  is  to  be  made  up  of  several  large  segments,  each  assembled 
by  a  different  operator,  care  must  be  exercised  to  ensure  that  each  operator 
employs  the  same  main  seam  stitching  technique  in  joining  the  gores  so  that 
the  radial  take-up  will  be  uniform  all  around.  Common  practice  is  to  stitch 
the  seam  downward  from  vent  to  skirt  so  that  the  radial  tape  tabs  can  be 
easily  fanned  out  as  the  seam  runs  off  the  bottom.  Tab  fanning  is  done  to 
facilitate  the  wrap-around  operation  when  the  suspension  line  joints  are 
finished. 

Vent,  skirt,  and  intermediate  bands  are  stitched  to  their  appropriate  ring 
edges  so  that  each  mark  falls  on  a  radial  centerline.  Care  is  exercised  to 
effect  a  uniform  distribution  of  cloth  fullness  between  marks.  If  any  dif¬ 
ficulties  are  encountered  here,  a  satisfactory  change  in  the  shrink  allowances 
can  usually  be  negotiated  with  the  engineering  department.  Band  lap  splices 
are  made,  each  centered  on  a  different  radial  seam,  and  stitched  as  speci¬ 
fied  on  the  drawing. 

Vent  lines  are  installed  in  the  conventional  manner  on  top  of  the  canopy  with 
end  lap  joints  secured  with  one  row  of  double-throw  xigxag  stitching  running 
one- half  inch  off  each  end  of  the  lap. 

The  bridle  harness,  if  one  is  required,  is  attached  to  the  apex  of  the  canopy 
as  illustrated  in  Figure  71. 

8.10  THE  PARACHUTE  ASSEMBLY 

The  standard  parachute  assembly  consists  of  one  canopy  assembly,  N 
suspension  lines.  N»2  reefing  rings,  two  cutter  pockets  with  doubters, 
two  cutter  lanyards,  one  riser  assembly,  and  a  set  of  links. 

Each  suspension  tine  is  stitched  to  the  skirt  of  the  canopy  with  one  row  of 
double-throw  xigxag  stitches  starting  1 /2-inch  above  the  cord  end  and 
extending  to  t  /  2-inch  be  tow  the  radial  tab  end.  The  radial  tape  tabs  are 
wrapped  snugly  around  the  cord  for  a  distance  of  1.  $  to  2  inches  below  the 
skirt  and  secured  as  the  row  of  xigsag  stitches  is  run  through  to  the  end  of 
the  pattern. 

Each  reefing  ring  must  be  attached  rigidly  to  the  inside  of  the  canopy  at  the 
intersection  of  the  radial  with  the  skirt  band.  The  ring  attachment  should 
consist  of  5  turns  of  waxed  #0  nylon  cord  doubted  and  tied  off  on  the  outside 
with  a  surgeon’s  knot  and  an  overhand  knot.  Machine  stitched  hold-down 
cleats  of  tape  are  acceptable  if  mid -go re  reefing  is  used. 


The  cutter  pocket*  with  doubler*  are  installed  on  opposite  aides  of  the 
cftaepy  at  the  skirt  in  the  conventional  manner.  The  short  cutter  actuating 
lanyards  o*  suspension  line  cord  are  attached  to  the  appropriate  suspension 
lines  in  conformance  with  best  practice  for  the  tubular  insertion -type  joint 
known  popularly  as  the  "Chinese  Finger  Trap. "  The  location  specified  for 
this  attachment  will  be  far  enough  below  the  skirt  to  ensure  complete  extrac¬ 
tion  of  the  firing  pin  from  the  cutter. 

The  suspension  line  attachment  to  the  riser  link  is  made  as  a  snug  loop 
around  the  bar  (preferably  two  turns  when  space  permits)  with  the  bitter 
end  inserted  into  the  tubular  cord  and  secured  with  a  short  zigzag  stitch 
pattern  (approximately  2  to  4  inches  long)  near  the  link  bar. 

8.  1 1  DIMENSIONAL  TOLERANCES 

The  characteristic  stress-strain  curve  of  parachute  textiles  affords  inherent 
forgiveness  for  erre  *s  of  fabrication  that  distort  the  polysymmetry  of  the 
structure.  As  show.:  in  Figure  67,  an  initial  elongation  of  one  percent  is 
attended  by  a  load  of  only  3  percent  of  the  ultimate  strength  of  a  typical 
material*  For  all  dimensions  longer  than  20  inches  ±1  percent  would  con- 
stitude  a  generous  tolerance.  The  shortest  critical  dimension  is  the  width 
of  the  gore  at  the  vent  band  (typically  2  to  3  inches  in  the  Ringsail)  for  which 
a  variation  of  ±.  1  inch  or  ±5  percent  is  reasonable.  On  this  basis  it  is  pos¬ 
sible  to  construct  a  diagram  of  acceptable  dimensional  tolerances  as  shown 
in  Figure  72.  Use  of  these  to le"' cnees  for  the  finished  dimensions  of  Ring- 
sail  parachutes  is  re  vnnmendcl  when  they  do  not  conflict  with  tighter  stan¬ 
dards  dictated  by  ecific  operational  considerations. 

8.12  QUALaTY  CONTROL 

The  methods  of  construction  employed  in  the  Ringsail  parachute  lend  them¬ 
selves  to  good  in-process  control  by  the  sewing  machine  operator  as  well 
as  easy  post-assembly  inspection.  Close  control  of  the  folding  of  the  inter¬ 
gore  fell  seams  by  the  radial  tapes  is  one  example.  Good  practice  is  to 
inspect  all  patterns  and  marking  boards  and  witness  call  cutting  of  material, 
jfe- process  inspection  pouts  can  be  established  to  insure  basting  of  the  gore 
assemblies  are  proper  before  assembly  and  that  all  gores  are  properly 
assembled  prior  to  installing  the  vent  and  skirt  bands. 

The  important  dimensions  of  the  final  parachute  assembly  that  must  be 
uniform  around  the  canopy  within  reasonable  tolerances  to  ensure  good 
polysymmetry  of  the  structure  are  as  follows: 
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a.  Vent  line  length 

b.  Width  of  gore  at  vent  band 

c.  Length  of  radial  from  vent  to  skirt 

d.  Width  of  gore  at  skirt  band 

e.  Suspension  line  length 

f.  Riser  length 

In  general,  dimensional  inspection  of  10%  of  items  (a)  through  (e)  above, 
taken  at  uniformly  distributed  points  around  the  canopy  are  sufficient  to 
insure  good  quality.  Although  the  width  of  the  gore  at  intermediate  points  .. 
between  vent  and  skirt  is  also  important,  the  method  of  assembly  prevents 
large  discrepancies  and  it  usually  is  not  feasible  to  check  such  dimensions 
except  at  intermediate  circumferential  bands. 

If  the  measuring  and  marking  of  components  is  controlled  to  within  close 
tolerances,  then  the  inspection  of  the  coincidence  of  matching  marks  can 
provide  one  measure  of  the  dimensional  accuracy  of  the  assembly. 

The  line  lengths  are  easily  checked  to  the  design  dimension  by  applying  the 
same  tension  used  in  their  fabrication  (usually  20  lbs).  Checking  the  lengths 
of  the  canopy  assembly  along  stitched  seams  is  more  difficult.  During  the 
manufacturing  process  a  canopy  cut  to  the  design  dimensions  "shrinks,  "  i.  e. , 
becomes  shorter  along  all  stitched  seams  due  to  takeup  caused  by  thread 
tension,  etc.  Owing  to  interlaminar  friction,  it  usually  requires  more  than 
a  little  tension  to  stretch  such  seams  back  to  the  original  length,  and  verifi¬ 
cation  of  uniformity  around  the  canopy  is  inconvenienced.  However,  the 
inconvenience  is  not  great,  requiring  merely  the  determination  of  an  average 
dimension  on  the  first  production  model  to  be  checked  at  nominal  tension 
(say  20  lbs). 

A  parachute,  during  the  inflation  process,  stretches  and  it  happens  that 
under  the  nominal  loading  of  steady  descent  the  elongation  of  all  components 
is  more  than  sufficient  to  restore  the  assembly  to  its  design  dimensions; 
indeed,  considerable  over-expansion  of  the  area  is  the  rule  for  Ringsail 
parachutes  larger  than  40  ft  DQ.  Therefore,  the  requirements  for  the  fabri¬ 
cator  to  apply  a  shrink- scale  to  the  measurement  of  some  of  the  canopy  tapes 
tapes  and  bands,  to  make  trial  canopy  assemblies,  and  to  juggle  measuring 
tensions  until  the  parachute  can  indeed  be  checked  against  the  design  dimen¬ 
sions  is  superfluous.  Quality  control  of  the  polysymmetry  of  the  canopy 
can  be  effected  very  simply  by  measuring  the  first  production  model  under 
a  standardised  constant  tension  and  establishing  the  average  dimension  of 
each  component  to  be  satisfied  on  the  inspection  table. 
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APPENDIX  A 


PROMINENT  RING  SAIL  PARACHUTES 


This  Appendix  presents  design  information  on  a  number  of  the  better  known 
Ring  sail  parachutes.  This  information  is  presented  for  the  benefit  of  the 
designer  to  provide  some  insight  into  the  various  methods  and  techniques 
used  in  the  structural  design.  Figures  73  thru  76  presents  still  photographs 
of  Mercury,  Gemini,  Apollo  and  Century  Series  Parachutes.  The  Century 
Parachutes  in  cluster  are  shown  in  the  Frontispiece. 

The  Ringsail  parachutes  shown  in  Table  XXVI  and  the  figures  referenced 
were  selected  as  representative  of  the  full  spectrum  of  system  operational 
requirements  that  can  be  met  with  negligible  development  risk.  A  guide  to 
reading  the  fullness  distribution  curves  presented  in  Figures  78  through  105 
is  shown  in  Figure  77. 


TABLE  XXVI 


REPRESENTATIVE  RINGSAIL  PARACHUTES 


D0(« 

Program  or  Operational  System 

Figure 

29.6 

Project  ASSET 

78 

41.0 

B-58  Escape  Capsule  and  SUD 
Aviation  Nose  Cone  recovery 

79 

63. 1 

Mercury  Capsule  Landing  System 

80 

84.2 

Gemini  Spacecraft  Landing  System 

81 

85.6 

Apollo  Earth  Landing  System 
(including  various  development 
configurations) 

82  thru  104 

128.8 

Century  Series 

105 

Included  with  the  information  relating  to  the  final  design  version  of  the 
modified  Ringsail  of  the  Apollo  ELS  cluster  is  a  group  of  construction  data 
sheets  for  significant  test  specimens  of  the  many  prior  versions  fabricated 
and  tested  during  the  development  program.  The  original  Apollo  main 
parachute  had  a  nominal  diameter  of  D0  -  88. 1  ft.  Subsequent  versions 
differed  in  two  basic  ways,  embodying: 
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a.  Basic  design  modifications  aimed  at  improving  cluster 
operation  and  reducing  weight. 

b.  Changes  in  materials  of  construction  during  the  structural 
evolution  required  to  strengthen  critical  members  and  meet 
increasing  design  limit  loads  as  the  spacecraft  weight  grew 
from  9,  500  to  13,  000  lbs. 

Two  classes  of  parachutes  are  represented  in  Figures  78  through  105  and 
the  data  sheets  which  follow: 

a.  72  gore  Ringsails  of  standard  and  modified  designs  all  having 
nominal  diameters  in  the  range  of  87  to  88  feet. 

b.  68  gore,  85.  6  ft  D0  Ringsails  modified  by  removing  4  gores 
from  the  standard  72  gore  model  and  by  removing  75  percent 
of  the  width  of  ring  5. 

The  72  gore  canopies  with  the  exception  of  PDS  3120  have  a  constructed 
shape  that  is  essentially  a  spherical  segment  to  which  fullness  has  been 
added  as  shown  in  the  diagrams.  The  68  gore  canopies  being  assembled 
from  spherical  gores  have  a  truncated  ogival  shape  with  an  apex  angle  of 
19  degrees,  and  the  same  fullness  distribution  as  the  standard  72  gore 
model.  The  constructed  shape  of  PDS  3120  is  a  truncated  ogive  with  an 
apex  angle  of  1  5  degrees.  For  convenience  the  85.  6  ft  DQ  ogival  shaped 
canopies  wtere  designated  "conical"  in  the  drawing  titles  and  the  popular 
nominal  diameter  of  83.  5  ft  is  retained  to  agree  with  the  original  documen¬ 
tation. 
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Figure  75.  ApoUo  Spacecraft  Earth  Landing  System,  Cluster  of 


Three  85. 6  it  L)0  Ringtail  Parachutes 


I 


I 


1 


I 


tb  l 


i 


Centerline  of  vent— 


f  Fullneee  distribution  on  the  Ringtail  parachute 
ie  defined  ad: 

Sail  Width 


1  %  Fullness 


ISphs 


Spherical  Gore  Width 

Edge  of  vent 


1  100 


4  nS  l— !*■»— 

!  1 1  ■  i 1 

**  ■+— »- 


•  Indicates  6%  fullness  in  trailing  edge  of 
Sail  No,  1  (at  vent)  which  is  at  a  point 
4*  hR  out  from  the  centerline  of  the  vent 

.  *  !- 

•  Indicates  2%  fullness  in  leading  edge  of 
Sail  Tie.  1  which  is  at  a  point  8%  hR 
out  from  the  centerline  of  the  vent 

s'  . 

•  t  Indicates  2%  fullness  in  leading  and  — 

trailing  edge  of  sails  between  a  point 
8%  and  approximately  30, 8%  hR  out 
fawn  the  centerline  of  the  vent  /2 

•  *  S  3 

•  '  Indicates  trailing  edge  fullness  is  2%  —  p, 

to  a  point  8?,  5%  hR  out  from  the  id 

centerline  of  the  vent 

R 

*  ’  /s 

•  Indicates  leading  edge  fullness  increases-  g 

from  2%  to  4%  at  30, 6%  to  3?.  5%  hft  out  gf 
from  the  centerline  of  the  vent  / 

■  "  •  -  / 

m  Indicates  trailing  edge  fullness  tapers 
from  1%  to  »0W%  at  37,  $%  to  60%  hR 


•  Indicates  leading  edge  fultnees  increases 
from  it  to  6%  st  37, 5%  to  44, 4%hn  out 

'  rn  .  _  ’  u  mi.  -i. 


from  6%  to  11.  7%  at  44.4%  to  100%  h^ 


FULLNESS  DISTRIBUTION 

,  *  . 

*  figure  77,  Guide  to  fullness  Distribution  Curves 
Presented  in  figures  78  through  105 


i 
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PART  NO.:  R5616-I 

TITLE:  PARACHUTE.  29.6  ft  D0  RINGSAIL 

NO.  CORES:  24 

TYPE  OF  REEFING:  RADIAL 


ITEM 


YENT  UNES 


VENT  BAND 


MATERIAL 


550  lb  NYLON  CORD 


900  lb  NYLON  TAPE,  1.0  WIDE 


CLOTH  WEIGHT 

TAPE  I 

RING  NUMBER 

OF./YD2  (a) 

IV.  LB 

WIDTH,  IN. 

1 

2.25 

90  <b,  I) 

•  62 

2 

2.25 

90  I  e.  I) 

,62 

3 

2.25 

90  (c,  I) 

.62 

4 

1. 1 

90  <e,  0 

.62 

5 

LI 

None 

None 

* 

LI 

Nuns 

Nmw 

i  _ 

i  9 

LI 

LI 

Nans 

Nuns 

5  » 

Nutut 

Nuns 

5 

!  v 

i 

LI 

.... 

Nuns 

Non* 

VERTICAL  TAPE 

10  lb  NYLON  TAPI 

t,  J>Z  WIDE 

SKIRT  RAND 

ICO  lb  NYiON  TA  PE,  1. 0  WIDE 

RSflmni 

500  lb  NYLON  TAPE,  1.0  WIDE 

|  SUSPENSION  LINES 

550  lb  NYLON  CORD 

'(*)  TRIPLE -SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  Wl  THAI  1 4 NO  EDO?'.  ONLY 

(•*  NO,  »  THRU  NO.  5  SAIL  DOUR  LEO,  CENTER  OF  GORE  TO  TOP  NO.  5  SAIL, 
THEN  DIAGONAL  *.  TERMINATES  AT  RAOUL  AT  BOTTOM  OF  NO.  S  SAIL 
(I)  ClftCUMFERENTtALRUNTTiftCSiMENT 
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PART  NO.:  R5044-501 

TITLE:  PARACHUTE,  II  ft  DQ  RINGSAIL 

NO.  GORES:  32 


TYPE  OF  REEFING:  RADIAL 


MATERIAL 


VENT  LINES 


550  lb  NYLON  CORD 


VENT  BAND 


RING  NUMBER 


900  lb  NY  LON  TAPE,  1.0  WIDE 
CLOTH  WEIGHT  _ ~  TAPE 


OZ/YD  (a) 


Pr,  LB 


300  (b) 
300  (c) 
90  (  d) 
90(d) 
90  (d) 


WIDTH,  IN. 


VERTICAL  TAPE 


SKIRT  BAND 


300  lb  NYLON  TAPE,  1.0  WIDE 


R  A  DIALS  (?.  EACH)  300  lb  NY  ION  TAPE,  1.  0  WIDE 


SUSPENSION  LINES  j  550  lb  NY  LON  CORD 


(a)  TRIPLE  .SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 
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Figure  80,  Gore  Pattern  and  Fullness  Distribution 
R5157-321  63,  1  ft  D0  Ringsail  Parachute 


PART  NO.:  R3 157- 321  ( 

‘IriTLE:  PARACHUTE,  63. If*  0o  RINGS  AIL 

,  NO.  GORES:  48 

?  I  I 

.  TYPE  OF  REEFING:  RADIAL 


ITEM 


VENT  LINES 


VENT  BAND; 


RING  NUMBER 


1 

I 

2 

3  1 


VERTICAL  TAPE 


MATERIAL 


550  lb  NYLON  CORD 


900  lb  NYLON  TAPE,  1.  0  WIDE ' 


TAPE 


WIDTH,  IN. 


.62 

I 

,62 
.62  ! 

.62 

.62 

i 

.62 

.62  ; 
.62 
None  . 

I 

None 


SKIRT  BAND 

300  lb  NYLON  TAPE  l.iO  WIDE 

525  tti  NYLON  WEBfeING,  t.O  WIDE  1 

RADIALS  (2  EACH) 

1  '  i  ■ 

300  lb  NYLON  TAPE,  1.  0  WIDE 

I 

SUSPENSION  LINES 

550  lb  NYLON  CORD 

Figure  81,  'Gors  Pattern  and  Fullness  Distribution 
R6220-525  84.2  ft  DQ  Ringsail  Parachute 
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PART  NO.:  R6220-525 

TITLE:  PARACHUTE,  84.  2  ft  D„  RINGSAIL 

NO.  GORES:  72 


TYPE  OF  REEFING: 

RADIAL 

ITEM 

MATERIAL 

VENT  LINES 

550  lb  NYLON  CORD 

VENT  BAND  (D 

900  lb  NYLON  TAPE,  l.  0  WIDE 

TAPE  | 

RING  NUMBER 

EmqI 

■  'III  II  — 

1 

2.25 

300  (b,  e) 

1.0 

2 

2.25 

300  (c,  e) 

1.0 

3 

2.25 

300  (c,  e) 

1.0 

4 

2.25 

300  (c,'e) 

1.0 

5 

2.25 

525  (d,  e) 

1.0 

6 

1.1 

90  (d,  o) 

.62 

7 

*»  * 

70  (d,  e) 

.62 

8 

Aft  * 

70  (d,  e) 

.62 

9 

1  »  A 

70  (d,  e) 

.62 

10 

1  ft  * 

70  (d,  e) 

.62 

11 

A  «  I 

70  (d,  e) 

.62 

12  b  13 

A  #  1 

70  (d,  e) 

.62 

VERTICAL  TAPE 

NONE 

SKIRT  BAND 

500  lb  NYLON  WEBB,  1.0  WIDE 

RA DIALS  (2  EACH) 

300  lb  NYLON  TAPE,  1.  0  WIDE 

SUSPENSION  LINES 

550  lb  NYLON  CORD 

(a)  TRIPLB-SBLV AGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

lb)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

{«)  CIRCUMFERENTIAL  REINFORCEMENT 
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Figure  82,  Gora  Pattern  and  Fullness  Distribution 
PDS  808-1  88. 1  ft  Dq  JUngsail  Parachute 


PART  NO.:  PDS  808-1 

TITLE:  Parachute,  88. 1  Ft  Do  Ringtail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 

ITEM 

MATERIAL 

VENT  LINES 

400  Lb  Nylon  Cord 

VENT  BAND 

900  Lb  Nylon  Tape 

1. 0  Wide 

greBnCTSKarwi 

TAPE  i 

RING  NUMBER 

Pr.  DB 

WIDTH,  IN. 

1 

i.i 

None 

None 

2 

i.i 

None 

None 

l 

i.i 

None 

None 

4 

i.i 

None 

None 

5 

i.i 

None 

None 

4 

i.i 

None 

None 

7 

i.i 

None 

None 

• 

i.i 

None 

None 

4 

Ll 

None 

None 

10  ' 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

Noa« 

SKIRT  BAND 

800  Lb  Nylon  Webbing,  .  86  Wide 

RAIMA  LS  (2  EACH) 

200  Lh  Nylon  Tape, 

1.06  Wide 

SUSPENSION  LINES 

400  Lb  Nylon  Cord 

(a)  TR1FLE-SELV AGE  CLOTH  (6)  LEADING  AND  TRAILING  EDGE 

(14  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 
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~r 

42.0 


SAIL  3 


SAIL  4 


42.0 


SAIL  5 


SAIL  6 


SAIL  7 


SAIL  8 


s 

8 

Ui 

w 

g 

s 

B 


UU«>a 

.MM  »  Nfc!  1  V  i-lu'-i 


42.0 


SAIL  9 


SAIL  10 


<L  SEAM 


SAIL  II 


SAIL  1 2 


1  I 

•«  — 


C  SEAM 


n;  a. .  W.UU  1—4.  * 
AfkuMki  ’-  -  '•  >■  ’■«!-•  - 


5  i\T 


FULLNESS  DISTlUIUn  iOM 


GORE  PATTERN 


Fifur*  83.  Gor«  Pattern  tad  FViIImii  Ditiributioa, 
PCS  924-1  88. 1  ft  D0  Rt&fMii  Parachute 
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PART  NO.i  POS  926.1 

TITUS:  Parachute,  88.  1  Ft  Do  Rin|— 11 


NO.  GORES:  72 

TYPE  OF  REEFING: 

Radial 

ITEM 

MATERIAL 

VENT  LINES 

400  Lb  Nylon  Cord 

VENT  RAND  (3  each) 

900  Lb  Nylon  Tape, 

L  0  Wide 

msnmwjE^sm 

TAPE  I 

RING  NUMBER 

HlulQMSHhI 

1  P..  LB 

WIDTH.  IN. 

1 

2.25 

1.06 

* 

2.25 

1.06 

S 

2.25 

L06 

4 

LI 

1.06 

S 

LI 

.62 

» 

LI 

.62 

» 

LI 

None 

Non* 

• 

LI 

None 

None 

t 

^  LI 

None 

None 

Id 

L) 

None 

None 

11 

LI  • 

None 

None 

12 

LI 

None 

None 

VERTICAL  TAPE 

None 

SKIRT  RAND 

506  Lb  Nflon  Wefabtag,  .  54  Wide 

RA DIALS  (2  EACH) 

200  Lb  Nylon  Tape.  1.04  Wide 

SUSPENSION  LINES 

400  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 
(fa)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 


Hi 
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PART  NO.:  PUS  927-1  , 

TITLE:  Parachuta,  88. 1  Ft  Do  Wag  Mil 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 


VENT  LINES 


MATERIAL 


400  Lb  Nylon  Cord 


VENT  BAND  (3  taeb)|  900  Lb  Nylon  Tape.  1.0  Wide 


CLOTH  WEIGHT  I  TAPE 

02/ YD*  (a) 


RING  NUMBER 


VERTICAL  tape 


SKIRT  BAND 


P,,  LB 

;  1 

r 

WIDTH. IN 

200(b) 
200  (c) 
200(c) 
200(c) 
90(d) 
90(d) 
Nona 
Horn* 
None 
Kow 
Non* 
Nona 


1.08 

.62 

.62 

Nona 

None 


None 


$00  Lb  Nylon  Wcbbtaf.  .  $8  Wide 


RA  DIALS  (2  EACH)  I  200  Lb  Nylon  Tape,  1.04  Wlda 


SUSPENSION  LINES  I  400  Lb  Nylan  Cord 


(a)  TRIPLE -SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 


1  I  1  I 


J6* 0  f  5.0 


S—  2*  12  AT 
<L  SEAM 

SAIL  1  NOTE: 

A.  Eif.  Suspension 
*—  N  line  Ratio  ~  1, 4  Dq 


SAIL  i 


SAIL  3 


SAIL  4 


SAILS 


hR  =  535 


SAIL  6 


SAIL? 


*r 


SAIL  8 


SAIL  9 


SAIL  10 


SAIL  II 


SAIL  12 


<L  SEAM  >jL—  44,94  — 

AxT 

1 - *  >,  gore  pattern 


SEAM 


FULLNESS  IttSTIltKKlflON 


Figure  85.  Gore  Pattern  and  Fullness  Distribution, 
PCS  1226*1  thru  *505  88. 1  ft  Dc  Ringtail  Parachute 


PART  NO.;  PM  1224-1 

TITLE:  Purockate,  tt.  I  It  Ob  Retail 

NO.  ooint  n 


TYPE  OP  REST  INC:  Radial 


MATERIAL 


VENT 


400  Lb  Nylon  Cord 


VENT  9AND{)  oocb)  I  900  Lb  Nylon  Tap*.  l.Q  Wld* 


gsasmai 


VERTICAL  TAPE 


SKIRT  SAND 


RA  DIALS  U  EACH)  1  ZOO  Lb  Nylon  To**,  I.  04  Wld* 


1  P»PEMSK>M  UWEi  1  400  Lb  Nylon  Cord 


(a)  TRIPLE -SELVAGE  CLOU  <e)  LEADING  AND  TRAILING  EDGE 

to  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

44  GZRCUMPERENTIAL  REDifORCEMEMT 


?  m  m 


PART  NO.:  PDS  1226-501 

TITLE:  Parachute.  88. 1  Ft  Ob  Ring  sail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 


VENT  LINES 


VENT  BAND  (3  < 


RING  NUMBER 


1 


MATERIAL 


550  Lb  Nylon  Cord 

900  Lb  Nylon  lap 

e,  1, 0  Wid  s 

CLOTH  WEIGHT 

TAPE 

OZ/YD2  (a) 

WIDTH,  IN. 

2.  25 

90  (b,  e) 

.62 

2. 25 

90  (c,  e) 

.62 

2.25 

90  (c,  e) 

.62 

1.1 

90  (c,  e) 

.62 

1*  1 

90  (d,  e) 

.62 

*•  1 

90  (d,  e) 

.62 

*•  I 

None 

None 

I 

None 

None 

M  * 

None 

None 

*•  1 

None 

None 

M  * 

None 

None 

I 

None 

None 

VERTICAL  TAPE 


SKIRT  BAND 


None 


500  Lb  Nylon  Webbing,  .  56  Wide 


RADIALS  (2  EACH)  200  Lb  Nylon  Tape,  1. 06  Wide 


SUSPENSION  LINES  400  Lb  Nylon  Cord 


(a)  TRIPLE.SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(e)  CIRCUM  FERENTLVJL  REINFORCEMENT 


-.tSv. .  v .  1 1  „.:i 


PART  NO,:  PDS.IW4«W3 

- :  *  V  ' ' 

TITLE:  Parachute*  88. 1  Ft  Ring tail 

NO.  GORES:  72 

TYPE  OP  REEFING: 

Radial 

-  -  -  ‘ 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND  (3  each) 

900  Lb  Nylon  Tap 

e,  i.  0  Wide 

"cl6th  weight 

TAPE  | 

RING  NUMBER 

OZ/YD2  (a) 

.  Pr.  L3  _ 

WIDTH,  IN.  1 

1 

2.25 

90  (V  e) 

'  " 

.62 

2 

2.25 

90  (c,  e) 

.62 

3 

2„  25 

90  (c,  e) 

.62 

4 

LI 

90  (c,  e) 

-  .62 

S 

LI 

90  (d„  c) 

.62  ' 

4 

LI 

90  (d»  e) 

.62 

7 

• 

LI 

None 

None 

8 

LI 

None 

None 

9 

LI 

None 

None 

LI 

None 

None 

II 

LI  ' 

None 

None 

12 

LI 

None 

None 

VERTICAL  TAPE 

Ncne 

SKIRT  BAND 

500  Lb  Nylon  Webbing,  .  56  Wide 

RADIALS  (2  EACH) 

200  Lb  Nylon  Tape, 

L  06  Wide 

SUSPENSION  ONES 

400  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  Id)  TRAILING  EDGE  ONLY 

(o)  CIRCUMFERENTIAL  REINFORCEMENT 
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PART  NO.:  PBS  1226-505 


TITLE:  Parachute,  88. 1  Ft  Dfc>  Rlagaail 

NO.  CORES:  72 


TYPE  OF  REEFING:  Radial 


ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord  ‘  ‘ 

VENT  BAND  (3  each) 

900  Lb  Nylon  Tape,  1, 0  Wide 

CLOTH  WEIGHT 

|  TAPE  1  | 

RING  NUMBER 

OZ/YD2  (a) 

Pw  LB  1 

WIDTH,  IN1. 

1  - 

2.25  , 

96  (b,  e) 

1 

,62 

2 

2.25 

90  (c,  e) 

i  : 

.62'  t 

3 

2.  25 

90  (c,  e) 

.62 

1.1 

90  (c,  e) 

.62 

5 

1.1 

90  (d,  e)  1 

.62: 

6 

1.1 

\ 

90  (d,  e) 

o  62 

!  i 

7 

1.1 

N one 

None 

e 

1.1 

None 

None 

9 

1. 1 

None , 

i 

None 

10 

1.  1 

None 

None 

11 

1.1 

None 

None, 

12 

1.1 

None 

None 

VERTICAL  TAPE 

1 

None  1 

SKIRT  BAND 

500  Lb  Nylon  Webbing,  .  56  Wide  ,  ! 

RADIALS  (2  EACH) 

200  Lb  Nylon  Tape, 

» 

1. 06  Wide 

1  t 

SUSPENSION  LINES 

40Q  Lb  Nylon  Cord  { 

I  * 

(a)  TRIPLE.SEI.VAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(e)  CIRCUMFERENTIAL  REINFORCEMENT 

■  i 
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Figure  86.  Gore  Pattern  and  Fu linens  Distribution, 

PDS  1543-1,  535  end  -553  88. 1  snd  85.6  ft  D0  Rtngsail  Parachute 


PART  NO.:  PDS  1543- t 

TITLE:  Parachute  Assy,,  88. 1  Ft  D0  Ringsail 

NO.  GORES:  72 


TYPE  OF  REEFING: 

Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb.  Nylon  Cord 

VENT  SAND 

4000  Lb.  Nylon  Webbing,  1.0  Wide 

CLOTH  WEIGHT 
OZ/YD2  (a) 

TAPE  | 

RING  NUMBER 

P...  LB 

•WIDTH,  IN. 

1 

2.25 

200(b) 

1.06 

2 

2.25 

200(c) 

1.06 

3 

2.25 

200(c) 

1.06 

* 

i.i 

200(c) 

1.06 

5 

t.i 

200(d) 

1.06 

6 

i.i 

90(d) 

.62 

7 

i.i 

90(d) 

.62 

8 

i.i 

90(d) 

.62 

9 

i.i 

None 

None 

10 

i.i 

None 

None 

11 

i.i 

None 

None 

12 

i.i 

None 

None 

VERTICAL  TAPE 

90  Lb.  Nylon  T:t»e, 

.62  Wide  (c) 

SKIRT  BAND 

300  Lb.  Nylon  Tape,  1.0  Wide 

500  Lb.  Nvlon  Webbing. _ .  56  Wide 

RADIALS  (2  EACH) 

300  Lb.  Nvlon  Tape. 

1.0  Wide _ 

SUSPENSION  LINES 

530  Lb,  Nvlon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(c)  NO.  1  THRU  NO.  5  SAIL,  DOUBLED, 
CENTER  OF  GORE 


PART  NO.:  PCS  1543-  535 


TITLE:  Parachute  Assy.,  88. 1  Ft  D0  Ringtail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 


VENT  LINES 


VENT  BAND 


NUMBER 


1 


MATERIAL 


Ion  Cord 


16991 


Lb.  Nylon  Webbing.  1.0  Wide 


TAPE 


SKIRT  BAND 


RADI  A  IE  (2  EACH) 


SUSPENSION  LINES 


(a)  TRIPLE-SELVAGE  CLOTH 

(b)  LEADING  EDGE  ONLY 


300  Lb.  Nylon  Tape.  1.0  Wide 


(e)  LEADING  AND  TRAILING  EDGE 

(d)  TRAILING  EDGE  ONLY 

(e)  NO.  I  THRU  NO.  12 SAIL,  DOUBLED 
CENTER  OF  GORE 


PART  NO.:  PDS  1543  -  553 

TITLE:  Parachute  Assy.,  85*6  Ft  D0  Ringtail 


NO.  GORES:  68 


TYPE  OF  REEFING: 

Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb.  Nylon  Cord 

VENT  BAND 

4000  Lb.  Nylon  Webbing,  1.0  Wide 

- 

|  TAPE  | 

RING  NUMBER 

WIDTH,  IN. 

1 

2.25 

200(b) 

1.06 

2 

2.25 

200(c) 

1.06 

3 

2.25 

200(c) 

1.06 

4 

1.1 

200(c) 

1.06 

5 

1.1 

200(d) 

300/300(1) 

1.06 

1.00/1.00 

6 

l.l 

90(d) 

.62 

7 

1.1 

90(d) 

.62 

8 

l.l 

90(d) 

.62 

9 

l.l 

None 

None 

10 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

None 

None 

VERTICAL  TAPE 

90  Lb.  Nylon  T«pe, 

.62  Wide  (e) 

SKIRT  BAND 

300  Lb.  Nylon  Tape,  1.0  Wide 

500  Lb.  Nylon  Webbing.  .56  Wide 

RADIAL5  (2  EACH) 

300  Lb.  Nylon  Tape 

1.0  Wide 

SUSPENSION  LINES 

550  Lb.  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (e)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

W  CIRCUMFERENTIAL  REINFORCE. (cj  NO.  I  THRU  NO.  12  SAIL.  DOUBLED 
¥$)LT59,5  ®*  20,0  Fft0W  BOTTOM  OF  OF  GORE 


PART  NO.:  PDS  1543-521 


TITLE:  Parachute  As»y.,  38. 1  Ft  D0  Ringeail 
NO.  CORES:  72 


TYPE  OF  REEFING: 

Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb.  Nylon  Cord 

VENT  BAND 

4000  Lb.  Nylon  Webbing,  1.0  Wide 

TAPE  i 

RING  NUMBER 

HxloSISiHi 

Pn,  LB 

WIDTH.  IN. 

1 

2.25 

200(b) 

1.00 

2 

2.25 

200(c) 

1.06 

3 

2.25 

200(c) 

1.06 

4 

»•  1 

200(c) 

1.06 

5(15%  Removed 

1*1 

30Q(d,l) 

Top) 

lOO(f.g) 

1.00 

6 

I*  1 

90(d) 

.62 

7 

l  •  4 

90(d) 

.62 

8 

1.1 

90(d) 

.62 

9 

1. 1 

None 

None 

10 

1.1 

None 

None 

11 

1*  1 

None 

None 

12 

M  I 

None 

None 

VERTICAL  TAPE 

70  Lb.  Nylon  Tape, 

.62  Wide  («> 

100  Lb.  Nylon  lane. 

1.0  Wide 

SKIRT  BAND 

500  t.h.  fs.VLvtt  Webb  inn.  ^54  .Wide  . 

R  A  DIALS  (2  EACH! 

10.?  Lb.  Wbn  Tare.  1.0  Wide . 

SUSPENSION  LINES 

sm.b.  ?M»n  _  .  _ _ 

{*)  6.  3  INCURS  DOWN  FROM  TOP  OF  RING  5 
(a)  TRIPLE-SELVAGE  CLOTH  fc)  LEADING  AND  TRAILING  EDGE 


(b)  LEADING  EDGE  ONLY  (rt)  THAI  LING  LlXiE  ONLY 

(I)  CIRCUMFERENTIAL  REINFORCE  NO>  t  THRU  NO.  1 2 SAIL,  DOODLED. 
m**rt  CENTER  OF  GORE 


PART  NO.:  PCS  1543-  523 

TITLE:  Parachiua  A*»y. ,  85. 1  Ft  D0  Rlngaftll 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 

ITEM 

|  MATERIAL 

\TSS5BS3BM 

VENT  BAND 

<000  Lb.  Nylon  Webbint.  1.0  Wide 

1  TAPE  I 

RING  NUMBER 

HEHniyfuBMi 

MHjffK£SESH 

WIDTH.  IN. 

I 

2.25 

200(b) 

1.06 

2 

2.25 

200(c) 

1.06 

3 

2.25 

200(c) 

1.06 

4 

I.l 

200(c) 

1.06 

5  (33%  Ramavadj 

i.t 

300(d.f) 

1.00 

To,) 

.00(1.*) 

1.00 

4 

I.l 

00(d) 

.62 

7 

l.l 

00(d) 

.62 

S 

1.1 

00(d) 

.62 

* 

1.1 

Koa* 

Non* 

10 

1.1 

Non* 

Nmn 

II 

1.1 

Non* 

Noa* 

12 

I.l 

Noa* 

Nam 

VERTICAL  TAPE 

.62  Wide  (•) 

300  Lb.  Nylon  Tab*. 

1.0  Wide 

SKIRT  BAND 

It  L 1 1. 

RA  DIALS  (2  EACH)  | 

300  Lb.  Nylon  Tang. 

1.0  Wida 

SUSPENSION  UNES  | 

330  Lb.  Nylon  Cord _ _ J 

<«)  6.  3  INCHES  DOWN  FROM  TOP  OF  KING  $ 
(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 


m  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(0  CIRCUMFERENTIAL  REINFORCE^  NO.  1  THRU  NO.  5  SAIL*  DOUBLED, 

CENTER  OF  GORE 
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PART  NO.:  PD6  1543.  531 

TITLE:  Parachuta  Aaay.,  88. 1  Ft  D0  Ringtail 

NO.  CORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 


MATERIA 


VENT  LINES 


VENT  BAND 


RING  NUMBER 


IKSSSS 


Ion  Cord 


4000  Lb,  Nylon  Webbing.  1.0  Wide 


CLOTH  WEIGHT  |  TAPE 


OZ/YD*  (a) 


WIDTH.  IN. 


200(b) 

200(b) 
SOO(d.l) 
200(b) 
300(4,  i) 

200(b) 
30Q(d,f) 
300(d  ,1) 

30O(d.  I) 

90(4,1) 

90(4,0 

90(d,l) 

90(4,0 

90(4,0 

90(4,1) 


VERTICAL  TAPE  I  40  Lb.  Ny«<m  Tap*.  .42  Wid*  (•) 


300  Lb.  Nylon  Ta,«,  1.0  Wide 


SKIRT  BAND 


RA DIALS  (2  EACH) 


SUSPENSION  LINES 


(a)  TRIPLE-SELVAGE  CLOTH 

(b)  LEADING  EDGE  ONLY 

10  CIRCUMFERENTIAL  RElNFOl 
-MEN! 


(c)  LEADING  AND  TRAILING  EDGE 
(4)  TRAILING  EDGE  ONLY 
(a)  NO.  1  THRU  NO,  S  SAIL,  DOODLED, 
CENTER  OF  CORE 
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PART  NO.:  PDS  1543-  543 

TITLE:  Parachute  Assy..  88. 1  Ft  Dc  Ringsail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 


VENT  LINES 


VENT  BAND 


RING  NUMBER 


I 


MATERIA  I 


550  Lb.  Nylon  Cord 

4000  Lb.  Nylon  Webbing,  1.0  Wide 

TAPE 

■MH 

WIDTH,  IN. 

2.25 

200(b) 

1.06 

2.25 

200(b) 

1.06 

300(d,f) 

1.00 

2.25 

200(b) 

1.06 

300(d,  £) 

1.00 

1.1 

200(b) 

1.06 

300(d,  f) 

1.00 

1.1 

300(d,I) 

1.00 

1.1 

90(d,  £) 

.62 

l.l 

90(d,f) 

.62 

t.i 

90(d,f) 

.62 

1.1 

90(d,f) 

.62 

1.1 

90(d,f) 

.62 

1.1 

90(d.  f) 

.62 

1.1 

90(d,f) 

.62 

90  Lb.  Nylon  Tape, 

.62  Wide  (e) 

SKIRT  BAND 


RADIALS  2  EACH) 


SUSPENSION  LINES  |  550  Lb 


300  Lb.  Nylon  Tape,  1.0  Wide 


(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(I)  CIRCUMFERENTIAL  REINFORCE-^)  NO,  1  THRU  NO.12  SAIL,  DOUBLED, 

CENTER  OF  GORE 


-1.85  AT  £ 
SEAM 

SAIL  1  Note: 


/\  Eff. 


Z_iA  Lit.  suspension 

SAIL  2  line  ratio 

-  -539  =  1.  15  D0 

-501  =1.0  D0 

all  others  =  1,4  DQ  ?c 
SAIL  3  °.25 


SAIL  4 


SAIL  5 


h  =  531.75 

A 


SAIL  6 


SAIL  7 


SAIL  8 


SAIL  9 


SAIL  10 


<£,  SLAM 


44.94 


SAIL  11 


SAIL  1  2 


<L  SEAM 


FULLNESS  DISTR  ll'.UTION 


GORE  PATTERN 


Figure  90.  Gore  Pattern  and  Fullness  Distribution, 

PDS  1543-525,  -533,  -539  and  -551  88.  1  and  85.6  ft  D0  Ringsail  Parachute 


1 


PART  NO.:  PCS  1543-  525 
TITLE:  Parachute  Assy.,  88. 1  Ft  D0  Ringtail 
NO.  GORES:  72  i 

TYPE  OF  REEFING:  Radial 


ITEM 


VENT  LINES 


VENT  BAND 


RING  NUMBER 


1 

2 

3 

4 


MATERIA 


550  Lb.  Nylon  Cord 


4000  Lb.  Nylon.  Webbing,  1.0  Wide 


TAPE 


5{50%  Removed, 
Top) 

6 


300  Lb.  Nylon  Tape,  1.0  Wide 

5 


VERTICAL  TAPE  90  Lb.  Nylon  Tape,  .62  Wide  (e) 


SKIRT  BAND 


_RA  DIALS  (2  EACH)  m  Lh,  Nylon  T.aoo..  1 . 0  Wide  ■ 


SUSPENSION  LINES  s50  Lb.  Nylon  Cor 


{a)  TRIPLE -SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

<bj  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

t* )  CIRCUMFERENTIAL  REINFORCE.(e)  no.  1  THRU  NO,  5  SAIL,  DOUBLED, 
WENT  CENTER  OF  GORE  1 


PART  NO,:  PDS  1543-533  , 

TITLE:  Parachute  A«»y.,  08. 1  Ft  D^  Ringtail 

NO.  GORES:  72 

1  i 

TYPE  OF  REEFING;  Radial 

. . -  . . . 1  .  . 

ITEM 

MATERIAL 

VENT  LINES 

!  !  t  t 

550  Lb-  Nylon  Cbrd 

VENT  BAND 

4000  Lb.  Nylon  Webbing,  1.0  Wide 

I 

RING  NUMBER 

CLOTH  WEIGHT 

TAPE  | 

OZ/YD2  (a) 

P„,  LB 

WIDTH,  IN. 

i 

1 

2.25  1 

' 

200(b) 

1.06 

2 

:  2.25 

200(c) 

1.06 

's  * 

2.25 

200(c) 

1.06, 

4 

1-1  i  ■  ' 

200(c) 

1.06 

1 

5(50%  Removed, 

1.1 

1  300(d.f) 

).00 

Top) 

l 

: 

6 

1.1 

,  90(d)  , 

.62 

7 

1  1  ' 

90(d) 

.62 

i  ; 

•  , 

1.1 

90(d) 

.62 

9 

|  1  1 

,  None 

None 

10  1 

None 

None 

11 

1.1 

i 

None 

None  : 

12 

la  )  1 

i 

None 

i 

None 

.  ' . i.  . 

VERTICAL  TAPE 

i 

90  Lb.  Nylon  Tape, 

.62  Wide  (e) 

1 

!  ‘  1 

300  Lb.  Nylon  Tape, 

1.0  Wide 

j 

SKIRT  BAND 

500<  Lb-  Nvloh  Webbino.  -  56  Wide 

1 

RADIALS  (2  EACH) 

300  Lb.  Nvlon  Taoa. 

1. 0  Wide 

i 

T - - - -r 

SUSPENSION  ONES 

- - - J - ' 

550  Lb.  Nvlon  Cord  _ 

I  I 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

CO  CIRCUMFERENTIAL  REINFORCE-  (e)  NO.  1  THRU  NO.  5  SAIL,  DOUBLED, 

MENT  1  Center  of  gore 


.  . — . — '■■■  — - * — - — - 

PART  NO„:  PDS  1543  -  539 

TITLE:  Parachute  Assy.,  85.6  Ft  D0  Ringsail 

NO.  CORES:  68 

TYPE  OF  REEFING:  Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb.  Nylon  Cord 

VENT  BAND 

4000  Lb.  Nylon  Webbing,  1,0  Wide 

CLOTH  WEIGHT 

TAPE  | 

RING  NUMBER 

OZ/YD2  (a) 

Pr.  L5 

WIDTH,  IN. 

1 

2.25 

200(b) 

1.06 

2 

2.25 

200(c) 

1.06 

3 

2.25 

20C(c) 

1.06 

4 

1.1 

200(c) 

1.06 

5  (50%  Remove^ 

M 

300(d,f) 

1.00 

Top) 

6 

l.t 

90(d) 

.62 

7 

l.l 

90(d) 

.62 

8 

1.1 

90(d) 

.62 

9 

1.1 

None 

None 

10 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

90  Lb.  Nylon  Tape, 

.62  Wide  (e) 

300  Lb.  Nylon  Tape, 

1.0  Wide 

SKIRT  BAND 

500  Lb,  Nylon  Webbing,  .56  Wide 

RADIALS  (2  EACH) 

300  Lb.  Nylon  Tape, 

1.0  Wide 

SUSPENSION  LINES 

550  Lb.  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(f)  CIRCUMFERENTIAL  REINFORCEMENT  (n)  NO,  l  THRU  NO.  5  SAIL, 

DOUBLED.  CENTER  OF  GORE 
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PART  NO.:  PDS  1543-  551 

TITLE:  Parachute  Assy.,  88. 1  Ft  D0  Ringsail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


materia: 


VENT  LINES 

550  Lb.  Nylon  Cord 

VENT  BAND 

4000  Lb,  Nylon  Webbing 

,1.0  Wide 

|  TAPE 

RING  NUMBER 

■run— 

WIDTH,  IN. 

1 

2.25 

200(b) 

1.06 

2 

2.25 

200(c) 

1.06 

3 

2.25 

200(c) 

1.06 

4 

1.1 

200(c) 

1.06 

5(50%  Removed, 
Top) 

1.1 

300(d,f) 

1.00 

6 

l.l 

90(d) 

.62 

7 

1.1 

90(d) 

.62 

8 

1.1 

90(d) 

.62 

9 

1.1 

None 

None 

10 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

1.1 

None  , 

None 

VERTICAL  TAPE 

90  Lb.  Nylon  Tape, 

.62  Wide  (e) 

300  Lb.  Nylon  Tape,  1.0  Wide 


SKIRT  BAND 


RADI  A  IS  (2  EACH) 


SUSPENSION  LINES  55 


(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

{£)  CIRCUMFERENTIAL  REINFORCE^)  NO.  1  THRU  NO.  5  SAIL,  DOUBLED, 
MENT  CENTER  OF  GORE 
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Figure  91.  Gore  Pattern  and  Fullness  Distribution, 
PDS  1543-547  88.  1  ft;  D()  Ringsail  Parachute 


PART  NO.:  PDS  1543-  547 

TITLE:  Parachute  Aasy. ,  88,1  Ft  Da  Ringaail 

NO.  GORES:  72 


TYPE  OF  REEFING:  Radial 


MATERIAL 


VENT  LINES 


550  Lb.  Nylon  Cord 


VENT  BAND 


RING  NUMBER 


4000  Lb.  Nylon  Webbing,  1.0  Wide 


TAPE 


VERTICAL  TAPE  90  Lb.  Nylon  Tape.  .62  Wide  (e) 


300  Lb.  Nylon  1.0  Wide 


SKIRT  BAND 


RADIAIS  (2  EACH 


SUSPENSION  LINES 


WIDTH,  IN. 


(a)  TRIPLE -SELVAGE  CLOTH 
H4  LEADING  EDGE  ONLY 


(c)  LEADING  AND  TRAILING  EDGE 

(d)  TRAILING  EDGE  ONLY 

(•)  NO.  1  THRU  NO.  4  SAIL,  DOUBLED, 
CENTER  OF  GORE 
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Figure  9i.  Gore  Pattern  ami  Fullness  Distribution, 
PDS  1543-555  85.6  ft  1),,  Hingsail  Parachute 


<148 


PART  NO.:  PDS  1543  -  555 

TITLE:  PftMchute  Assy. ,  85.6  Ft  D0  Ringtail 

NO.  CORES:  68 

TYPE  OF  REEFING:  Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb.  Nylon  Cord 

VENT  BAND 

4000  Lb,  Nylon  Webbing.  1.0  Wide 

CLOTH  WEIGHT 

TAPE  ! 

RING  NUMBER 

OZ/YD2  (ft) 

Pr.  LB 

WIDTH,  IN. 

1 

2.25 

200(b) 

1.06 

l 

2.25 

200(6) 

1.06 

3 

2.25 

200(c) 

1.06 

4 

1.1 

200(c) 

1.06 

5  (75%  Removed 

1.) 

300(d,I) 

1.00 

Top) 

4 

l.t 

90(d) 

.62 

7 

1.1 

90(d) 

.62 

• 

1.1 

90(d) 

.62 

f 

1.1 

None 

None 

10 

1.1 

None 

None 

II 

1.1 

Noue 

None 

IS 

l.t 

None 

None 

VERTICAL  TAPE 

90  Lb.  Nylon  Tape,, 

.62  Wide  («) 

JOd  Lb.  Nylon  Ifcpb. 

1.0  Wide 

SKIRT  BAND 

500  Lb,  Nylon  Webbing,  » 56  Wide 

RA DIALS  (2  EACH) 

300  Lb.  Nylon  Tape, 

i.O  Wide 

SUSPENSION  LINES 

$50  Lb.  Nylon  Cord 

(•)  TRIPLE -SELVAGE  CLOTH  (c)  LEADING  A  NO  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  («!)  TRAILING  EDGE  ONLY 

(0  CIRCUMFERENTIAL  REINFORCEMENT  (•>  NO,  t  THRU  NO.  $  SAIL, 

DOUBLED.  CENTER  OF  GORE 
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Figure  93.  Cure  Pattern  and  Fullness  Distribution. 
PDS  1944  *1  and  *901  d8.  i  ft  Dw  King  sail  Parachute 


i  f  t  f  if 1 1 1  i  1 1 « r ;  U  r  f  t  e  f  v  t 1 K  I  S  i  f  5 


PART  NO.:  PCS  1544-1 

i 

TITLE:  PtticlHite,  M.  t  Pt  I\>  Ring  Mil 

NO.  CORES:  72 

t 


TYPE  OF  REEFING: 

} 

i  RftdiftI 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  i.  0  Wide 

TAPE  1 

RING  NUMBER 

■K&MaTlmljHH 

P„  LB 

WIDTH,  IN. 

I 

2.25 

ft 

* 

90  (b.  C.  g) 

-.62 

z  ■ 

2.25 

90  (c,  f.  g) 

.62 

j 

2.25 

90  («,  r.  g) 

,62 

fe  1 

90  (c.  f,  g) 

.62 

1. 1 

90  (d.  f,  g) 

.62 

4 

90  (d.  1) 

.62 

90  (d.  0 

.62 

i 

90  (d.  <) 

,62 

$ 

None 

None 

i a 

Nom 

None . 

ti 

t.l 

None 

None 

,!  u 

l.l 

None 

None 

VERTICAL  TAPE 

Nom 

SKIRT  BAND 

RA DIALS  (2  EACH) 

200  Lb  Nylon  Tape. 
200  Lb  Nvlon  Tan*. 

1.00  Wide  (c) 

1.  Oft  Wide 

SUSPENSION  USES 

$50  Lb  Nylon  Cord 

(*)  DOUBLED 

(k)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 
(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(0  CIRCUMFERENTIAL  REIN-  .(c)  ONE  REOUIREi)  PER  RADIAL  SEAM 


FORCE* ENT  DOUBLED  4  SEWN  AS  A  RADIAL  KElNF. 
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1  PART  NO.:  PDS  1544-501 

TITLE:  Parachute, 

88. 1  Ft  Do  Ringaail 

NO.  GORES:  72 

TYPE  OF  REEFING: 

Radial 

ITEM 

MATERIAL 

VENT  LINES 

SSO  Lb  Nylon  Cnrd 

VENT  BAND 

4000  Lb  Nylon  Webbing.  1.0  Wide 

CLOTH  WEIGHT 

tape  | 

RING  NUMBER 

OE/YD2  (a) 

tK,  LB 

WIDTH.  IN. 

i 

Z .  25 

oa  (b.  f.  g> 

.  42 

2 

...  25 

90  te.  t.  gi 

.02 

i 

2. 25 

90  (c,  L  §) 

.42 

A 

1.1 

90  te,  It  g> 

.02 

s 

t.l 

90  {4,  (,  g* 

.02 

6 

1,1 

n  co,  a 

.42 

7 

1.1 

90(4.  0 

«  tel 

8 

t.l 

90  id,  1) 

9 

1.1 

• 

Nu.ne 

. 

10 

Ul 

11 

t.l 

»4*irV* 

None 

\t 

u  i 

, 

Notw 

VERTiCA  I*  ¥  A  PE 

*13  Lb  T*{**  i 

bi 

skirt  rand 

mmmsmmmmi 

RA  DIALS  £ACM) 

1st* 

Lb  Ny?«b  » -ups'. 

i .  m  Wi*TTe> 

! .  m  w»,ip 

mm\ 

SUSPENSION  WT-IES  | 

Lb  Nyl«s  «** *  | 

tel  doubled 

(i>)  T!UtM,K-SELV,u1K  CUSTH  tel  LEAKING  ANO  TRAILING  KIViE 

(bi  leading  ixsr,  only  tei  trajum*.  kogk  only 

(hi  NO.  I  THRU  KOv  5  SAIL,  tel  ONE  REQUIRED  PER  RAtttAL 

UOIj»l,KH.  CfcN  5>R  OK  CORK  JTOimi.lv!>  fe  SEWN  AS  A  RADIAL  UEINK 


s 


ja 

h 


<L  SEAM 


-2.  >  2  AT 
<L  SEAM 

SAIL  1  NOTE: 


/V  E£C.  Suspension 
^ — *  Line  Length  -  1.  4  D0  - — 


SAJ.L  2 


SAIL  3 


SAIL  4 


[SAILS 


=  531.75 


SAIL  6 


SAIL  7 


SAIL  8 


SAIL  9 


SAIL  10 


SAIL  11 


SAIL  12 


6. 

M 

H 

35 

^  '50 
£  — 


iti  r  '  i '  ■  —  — i 

w.urfcj--.  2  <t.  jJL--A.tM.aM 

v-v. ,e?s;jC  -•  -c-waL  =*a  w 


4-: 

4 


42.60 


COKE  PATTERN 


<L  SEAM 


DULLNESS  mSTRJiiVTJON 


Figure  94.  Gore  Pattern  end  Feline*#  Diet*. -button, 
PDS  1650-1  end  -501  67.1  ft  D0  Ringtail  Parachute 


PART  NO.:  PDS  1650- 1 

TITLE:  Parachute,  87.1  Ft  Dc  Ringsail 

NO.  GORES:  72 

TYFE  OF  REEFING:  Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Co<*d 

VENT  BAND 

4000  Lb  Nylon  Webbing,  I.  0  Wide 

CLOTH  WEIGHT 

TAPE  j 

RING  NUMBER 

OZ/YD''  (a) 

Pr,  LB 

WIDTH,  IN. 

1 

2,25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

l.  1 

200  (i) 

1.06 

5 

1.  1 

200  (d) 

1.06 

6 

1.  I 

90  (d) 

.62 

7 

l.  I 

90  (d) 

.62 

8 

I.  I 

90  (d) 

.62 

9 

1.1 

None 

None 

10 

i.  l 

None 

None 

il 

L  1 

None 

None 

12 

1. 1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

.  62  Wide  (u) 

SKIRT  3AND 

500  Lb  Nylon  Webbing,  .56  Wide  / 

RADI  A  IS  (2  EACH) 

300  Lb  Nylon  Tape, 

1.  0  Wide 

SUSPENSION  LINES 

550  Lb  Nylon  Cord 

(a)  TIUPLK -SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 
['o)  LEADING  EDGE  ONLY  (<!)  TRAILING  EIXr<E  ONLY 

U-)  NO.  1  THRU  NO.  5  SAIL,  DOUBLED 
CENTER  OK  GORE 


PART  NO. :  PCS  1650-501 

TITLES:  Parachute,  87. 1  Ft  00  Ringsail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 


VENT  LINES 


VENT  BAND 


RING  NUMBER 


MATERIAL 


550  Lb  Nylon.  Cord 


4000  Lb  Nylon  Webbing,  1.  0  Wide 


CLOTH  WEIGHT 
OZ/YD2  {a) 


I  TAPE 

P,.,  LB 

WIDTH,  IN. 

200  (b) 

1.06 

200  (c) 

1.06 

200  (c) 

1.06 

200  (c) 

1.06 

200  (d) 

1.06 

90  (d) 

.62 

90  (d) 

.62 

90  (d) 

.62 

None 

None 

None 

None 

None 

None 

None 

None 

SKIRT  BAND 

500  U>  Nylon  Webbing,  .  56  Wide 

RA DIALS  (2  EACH) 

300  Lb  Nylon  Tape,  1.0  Wide 

SUSPENSION  LINES 

550  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(e)  NO.  1  THRU  NO.  12  SAIL,  DOUBLED, 
CENTER  OF  GORE 
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PART  NO.:  PDS  2021-1 

TITLE:  Parachute*  68.1  Ft  Dq  Ringtail 

NO.  GORES:  .  '  n 

TYPE  OF  REEFING:  :  Radial 


.  ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND «  each) 

900  Lb  Nylon  Tape, 

,1.0  Wide 

, 

RING  NUMBER 

TAPE  | 

mmsmm i 

WIDTH,  IN. 

'l 

i  2. 25 

90  (b. 

e) 

.62 

'  *  1 

2i  25 

90  (c, 

e) 

i  .62 

1 

2.  25 

90  (c. 

©) 

i 

.62 

4 

1.1  ' 

: 

90  (c. 

«) 

.62 

,  S 

1.1 

90  (d, 

6) 

,62  ! 

6 

1.1 

99  {d, 

*>’ 

.62 

:  7 

1.1 

None 

None 

• 

i 

1  1.1 

None 

None 

9 

V  1 

1*1 

None 

None 

10 

1.1 

None 

None 

11 

i.  i 

None 

None 

12 

1  i.i 

i 

None 

None 

VERTICAL  TAPE 

None  1 

SKIRT  BAND 

500  Lb  Nylon  Webbing,  ,  56  Wide 

RA DIALS  (2  EACH) 

200  Lb  Nylon  Tape, 

1.  06  Wide 

SUSPENSION  LINES  . 

400  Lb  Nylon  Cord 

(a)  TRIPLE -SELVAGp  CLOTH  '  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  '  (d)  TRAIUNG  EDGE  ONLY 

(e)  CIRCUMFERENTIAL  REINFORCEMENT 


I 
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gur 
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PART  NO.:  PDS  2071-1 

TITLE:  Parachute,  88. 1  Ft  D0  Ringsa.il 

NO.  CORES:  72 

TYPE  OF  REEFING:  Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon' Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0  Wide 

MofnViiVJtiWikm 

TAPE  j 

RING  NUMBER 

WIDTH,  IN. 

1 

2.  25 

200  (b) 

.1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.  25 

200  (c) 

1.06 

. 

i.i 

200  (c) 

1.06 

5 

1. 1 

200  (d) 

1.06 

6 

1. 1 

90  (d) 

.62 

7 

1. 1 

90(d) 

.62 

8 

1. 1 

90  (d) 

.62 

9 

1. 1 

None 

None 

10 

1. 1 

None 

None 

11 

1. 1 

None 

None 

12 

1. 1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  . 

62  Wide  (e) 

SKIRT  BAND 

300  Lb  Nylon  Tape, 

1.  0  Wide 

BA  DIALS  (2  EACH) 

300  Lb  Nylon  Tape, 

1.0  Wide 

JJ  '  -  J"  -- 

SUSPENSION  LINES 

550  Lb  Nylon  Cord  j 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  DIXIE 

(b)  LEADING  EDGE  ONLY  (<i)  TRAILING  EDGE  ONLY 

(e)  NO.  I  THRU  NO.  7  SAIL,  DOUBLED, 
CENTER  OF  GORE 
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PART  NO.:  PDS  2072-1 


TITLE:  Parachute.  87.9  Ft  Do  Conical  Ring/Solid 

NO.  GORES:  72 


TYPE  OF  REEFING: 

Radial 

ITEM 

MATERIAL 

VENT  LINES 

550  Ub  Nylon  Cord. 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0  Wide 

CLOTH  WEIGHT 

TAPE  j 

RING  NUMBER 

OZ/YD2  (a)  ' 

■ritiTi 

WIDTH,  IN. 

l  (Panel) 

2.25 

None 

None 

2  (Panel) 

2.25 

None 

None 

3  (Panel) 

2.25 

None 

None 

4  (Panel) 

2.25 

None 

None 

5  (Panel) 

1.  1 

None 

None 

6  (Panel) 

1.  1 

None 

None 

t  * 

I.  1 

90  (d) 

.62 

2 

1.  1 

90  (d) 

.62 

3 

I.  1 

None 

None 

4 

l.  1 

None 

None 

5 

l.  1 

None 

None 

6 

/ 

1.1 

None 

None 

VERTICAL  TAPE 

None 

SKIRT  BAND 

900  Lb  Nylon  Tape, 

1.0  Wide 

RAD1ALS  (2  EACH) 

300  Lb  Nylon  Tape, 

1.0  Wide 

* 

SUSPENSION  LINES 

350  12)  Nylon  Cord 

(a)  TRIPLE -SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 
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■21.3  6,o 


■TYP  _  5.  0 


<L  SEAM 


S—  1.85  AT 
4.  SEAM 

_SAIL  1  NOTE: 

a  Eff.  Suspension 
/ l\Line  Ratio  =  1.4  D0 


SAIL  2 


SAIL  3 


SAIL  4 


SAIL  5 


SAIL  6 


SAIL? 


SAILS 


hD  =  544.  75 
K 


SAIL  9 


SAIL  10 


SAIL  1 1 


SAIL  12 


SAIL  13 


1.94  - L 


SAIL  14 


CL  SEAM 


1 00  =r :j  rr:  ~  ■rr.uiz 


FULLNESS  Dl S TUI U V TIC' N 


GORE  PATTERN 


Figure  98.  Gore  Pattern  ami  Fullness  Distribution. 
PD.S  31-0-1  88.  3  ft  D0  Ring  sail  Parachute 


PART  NO,:  PDS  3120-1 

• 

TITLE:  Parachute 

,  88.  3  Ft  D0  Ring  sail 

NO.  GORES:  72 

* 

TYPE  OF  REEFING: 

Radial 

(Pocket  Bands) 

ITEM 

MATERIAL 

VENT  LINES 

SSO  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1. 0  Wide 

■awramviaHSw 

|  TAPE  1 

RING  NUMBER 

WIDTH, IN. 

I 

2.25 

200  (b) 

1.06 

2,  3,  4 

2. 2w 

200  (c) 

1.06 

S 

1.  1 

200  (c) 

1.06 

4 

1.  1 

200  (d) 

1.06 

90  (b) 

.62 

7 

l.  1 

90  (c) 

.62 

8 

1.1 

90(c) 

.62 

V 

1.1 

90  (c) 

.62 

10 

1.1 

None 

None 

1! 

1.  1 

None 

None 

u 

1. 1 

None 

None 

13 

1.  1 

None 

None 

14 

1.  1 

None 

None 

VERTICAL  TAPE 

90  12>  Nylon  Tape, 

1.0  Wide 

SKIRT  BAND 

500  lb  Nylon  Webbing,  .  56  Wide 

RADIALS  (2  EACH) 

300  lb  Nylon  Tape, 

1.0  Wide 

SUSPENSION  LINES 

550  Lb  Nylon  Cord 

(*)  TRJP1J3-SLLVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 
(b)  LEADING  EDGE  ONLY  id)  TRAILING  EDGE  ONLY 

(e)  NO.  I  THRU  NO.  14  SAIL,  DOUBLED, 
CENTER  OK  GORE 


T 


Finure  9*).  Ciort;  Pattu  rr»  a  ml  Fullness  Distribution. 
H711H-1.  SOI .  'Sfis.ind  <511NH.  1  it  l>0  Kingsail  Parachute 


PART  NO.:  R7118-1 


TITLE:  Parachute,  88. 1  Ft  Do  Riagaail 

i 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


- - 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webl 

.ing,  1.0  Wide 

1 

1 

!  TAPE  | 

RING  NUMBER 

■sHHsIBbpI 

WBsmsmm 

WIDTH.  IN. 

l 

2.25 

200  <b) 

1.06 

2 

2.25 

200  (c) 

1.06 

• 

2.25 

200  (c) 

1.06 

4 

lab 

200  (c) 

1,06 

5 

1. 1 

200  C) 

1.06 

6 

90  (d) 

.62 

7 

90  (dl 

.62 

8 

t.l 

90  Id) 

,62 

9 

LI 

None 

Non# 

1C 

1.1 

None 

Non# 

11 

None 

None 

U 

l.l 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  ,52  Wide  (e) 

SKIRT  BAND  j 

JOQ  Lb  Nylon  Tape,  1,0  Wide 

500  Lb  Nyton  Webbing,  ,56  Wide 

RA DIALS  (2  EACH)  ' 

S00  LI.  Nylon  Taft#. 

1.0  Wide 

SUSPENSIOL  ONES  | 

550  Lb  Nylon  Cord  ! 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  T RAILING  EDGE 
(u)  LEADING  EDGE  ONLY  («l)  T RAILING  EIK1K  ONLY 

(e)  NO,  1  THRU  NO.  %  RING.  DOUBLED, 
CENTER  OF  GORE 


W»>S 


PART  NO.  :  R?1 18-501 


TITLE:  Parachute,  88.1  Ft  Dq  Ringtail 
NO.  GORES:  72 


TYPE  OF  REEFING: 

Radial 

ITEM 

1  MATERIAL 

VENT  iJNES 

550  Lb  Nylon  Cord 

VENT  BAND 

5000  Lb  Nylon  Webbing,  1.0  Wide 

CLOTH  WEIGHT 

TAPE  | 

RING  NUMBER 

02 /YD2  (a) 

t\.,  LB 

WIDTH,  IN. 

1 

2.25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

i 

2.25 

200  (cl 

1.06 

4 

1. 1 

200  (e) 

1.06 

5 

200  (d) 

1.06 

6 

90  (d) 

.62 

7 

1.1 

90  id) 

.62 

8 

90  (d) 

.62 

9 

None 

None 

10 

None 

None 

11 

None 

None 

t£ 

l.l 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  . 

52  Wide  (e) 

. .  .  '  s 

SKIRT  BAND 

!00  Lb  Nylon  Tape,  1.0  Wide 

500  Lb  Nylon  Webbing,  .  5b  Wide 

RADlALS  (Z  EACH) 

Kid  Lb  Nylon  T**e. 

1.0  Wide 

SUSPENSION  UNFA 

S50  Lb  Nylon  Cord 

(a)  T lUPLE-SE LVAGL  IX1TH  <c|  LKUiLNG  AND  TRAILING  KtXiK 

(b)  LEADING  EDGE  ONLY  |dj  TIL\ll  1NG  CIVIL  ONLY 

(r)  full  Gore  height,  doubled, 

CKN 1  Ktt  OF  GORE 


Zhu 


PART  NO.:  R7 118-503 

TITLE:  Parachute.  88.  I  Ft  D0  Ringtail 

NO.  GORES:  72 

TYPE  OF  REEFING:  RadUi  and  Mid-Gare 

ITEM 

MATERIA  L 

vent  imm 

. . . . 

|  550  Lb  Nytoo  Co  *4 

YENT  BANS 

4800  IJa  ffylon  Webbing,  1.0  Wide  j 

<j LD'i  H  WEIGHT 

L _  TAPE  .  1 

RING  NUMBER 

QZ/YD2  (al 

■UKUM 

WIDTH,  IN, 

\ 

*• 

2.25 

290  <b) 

1.06 

2 

2.23 

200  (e) 

1,06 

5 

2,25 

200  (0) 

1.06 

4 

t.t 

200  {«) 

1,66 

5 

t.l 

200  (d) 

1,06 

4 

t.t 

SO  (d) 

.62 

7 

t.t 

70  Id) 

.62 

* 

Li 

*#0  (d) 

.6*  . 

7 

t.t 

None 

item 

to 

t.i 

None 

It 

t.t 

ftot*c 

' 

None 

12 

t.l 

$tOM 

•  •  -  .  - - - 

Mb  a* 

VERTICAL  TAPE 

?0  Lb  Ny  Lf*  T  ape. 

.62  Wide  j*) 

500  Ut  Nyl&ffl  Tap-. 

s.e  w id** 

!  SIGHT  BAND 

300  U*  NyL«*  Webbing.  .  sb  Wide 

[  RA  DIALS  (2  EACH) 

100  U»  Ny|««  Tap*. 

t.O  Wide 

|  SUSPENSION  UNI  S 

i 

SS9  Lb  NyfcM*  C*ed . .  . .  __  . j 

(•}  TRIPLE-SELVAGE  CLOTH  «t»  LV  MSiST.  AND  YRAtUMG  EDGE 
(6)  LEADING  LUGE  ONLY  |d)  TltAllJMi  EDGE  ONLY 

<*)  NO.  I  THRU  NO.  S  RING.  IHiSHU.H). 

center  of  gore 


2fc7 


A 


PART  NO.:  R7I18-513  t 

TITLE:  Parachute,  88. 1  Ft  D0  Ringsail  > 

NO.  GORES:  72 

TYPE  OF  REEFING:  RadiaL  . 

ITEM 

MATERIAL 

VENT  LINES 

■  •"  '  • - . 

550  Lb  Nylon  Cord  ! 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1,0  Wide 

CLOTH  WEIGHT 

!  .  TAPE  | 

RING  NUMBER 

OZ/YD2  (a) 

P,.,  LB 

WIDTH,  'IN. 

1 

2.25 

200 

(b) 

1.06  i 

;200 

(b.f) 

1.06 

2 

2.25 

200 

(c) 

'  1.06  ’ 

' 

. 

200 

(c.f) 

1.06 

3 

2.25 

1  200 

(c)  * 

1.06 

200 

(c.f) 

1.06 

4 

1.1  , 

200 

(c) 

1.06  , 

200  1 

(c.f) 

1.06 

5 

1.1 

200 

(d) 

1,06 

200  . 

(d,f) 

1.06 

6 

1.1 

90 

(d)  ■ 

!  .6,2 

200 

(d.f) 

1.06 

7 

1.1 

!  90 

(d) 

.62 

200 

(d.f), 

,  1.06' 

8 

1.1 

i  90 

(d) 

.62 

9 

1.1  . 

None 

None 

i 

10 

I.i 

None 

,  None 

11 

1.1 

None 

1 

None 

12 

1.1 

i  ! 

1 

None 

l  None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  . 

i 

62  Wide 

(e)  ! 

1 

300  Lb  Nylon  Tape, 

1 . 0  Wide 

, 

SKIRT  BAND 

500  Lb  Nylon  Webbing,  .  56  Wide 

RADIALS  (2  EACH) 

300  Lb  Nylon  Ta^e, 

J.O  Wide 

; 

•  I 

SUSPENSION  LINES 

550  Lb  Nylon  Cord 

(a) 

(b) 

(c) 


TRIPLE -SELVAGE  CLOTH  (d) 
LEADING  EDGE  ONLY  (e) 

LEADING  AND  TRAILING  EDGE 

(0 


TRAILING  EDGE  ONLY 

NO.  I  THRU  NO.  5  RING,  DOUBLED, 

CENTER  OF  GORE 

CONTINUOUS  REINFORCEMENT 


,  ■  i 

268  ! 


i 


i 


I 


I 
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i 


PART  NO.:  R7 118-507 

TITLE:  Parachute,  88. 1  Ft  D0  Hingsail 

NO.  GORES:  72 

TYPE  OF  REEFING:  Radial 


ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0  Wide 

TAPE  | 

RING  NUMBER 

BSM 

WIDTH,  IN. 

1 

2.25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

1.1 

200  (c) 

1.06 

5 

None 

None 

None 

6 

1.1 

90  (d) 

.62 

7 

1.1 

90  (d) 

.62 

8 

l.i 

90  (d) 

.62 

9 

1.1 

None 

None 

10 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

1.1 

None 

Nond 

VERTICAL  TAPE 

90  Lb  Nvlon  Tape,  . 

62  Wide  <e) 

300  Lb  Nylon  Tape, 

1.0  Wide 

SKIRT  BAND 

500  Lb  Nylon  Webbing,  .56  Wide 

RADIALS  (2  EACH) 

300  Lb  Nylon  Tape, 

1,0  Wide 

SUSPENSION  LINES 

550  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(e)  NO.  I  THRU  NO.  4  RING,  DOUBLED, 
CENTER  OF  GORE 
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Figure  101.  Gore  Pattern  end  Fullness  Distribution, 
R7118-515  88.  1  ft  Df  Ring  sell  Parachute 


PART  NO.:  R7H8-515 


TITLE:  Parachute,  88.1  Ft  DQ  Ringsail 

NO.  GORES:  68 

TYPE  OF  REEFING:  Mid-Gore 


ITEM 


MATERIAL 


VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0  Wide 

RING  NUMBER 

CLOTH  WEIGHT 
OZ/YD2  (a.) 

TAPE 

Pv,  LB 

WIDTH,  IN. 

1 

2.25 

200 

(b) 

1.06 

2 

2.25 

200 

(c) 

1.06 

3 

2.25 

200 

(c) 

1.06 

4 

1. 1 

200 

(c) 

1.06 

5  (50%  Removed 

l.l 

200 

(d) 

1.06 

Top) 

6 

1.1 

90 

(d) 

.62 

7 

1.1 

90 

(d) 

.62 

8 

1. 1 

90 

<d) 

.62 

9 

1.1 

None 

Nono 

10 

1.1 

None 

None 

11 

.1.1 

None 

None 

12 

1.1 

» 

None 

• 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

62  Wide 

(o) 

SKIRT  BAND 

300  Lb  Nylon  Tape.  1. 
500  Lb  Nylon  Webbim!. 

0  Wide 
. 56  Wide 

RADIALS  (2  EACH) 

300  Lb  Nylon  Tape, 

1. 

0  Wide 

SUSPENSION  LINES 

550  Lb  Nylon  Cord 

(a)  TRIPLE.SE LV AGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAI UNO  EDGE  ONLY 

(e)  NO.  I  THRU  NO.  5  SAIL,  DOUBLED, 
CENTER  OF  GORE 
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ft 


Figure  102.  Gore  Pattern  end  Fullness  Distribution, 
R7527-1  and  -503  85. 6  It  D0  Conical  Ringsail  Parachute 


PART  NO.:  R7527-1 

TITLE:  Parachute.  85. 6  Ft  D0  Conical  Ringsail 
NO.  CORES:  68 

TYPE  OF  REEFING:  Mid-Gore 


ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0 

Wide 

RING  NUMBER 

SISi 

TAPE  1 

1  .  Pr'.LB _ 

WIDTH,  IN. 

1 

2.25 

90 

(b.f) 

.62 

2 

2.25 

90 

(c.f) 

.62 

3 

2.25 

90 

(c.f) 

.62 

4 

1.1 

90 

(c.f) 

.62 

5  (75%  Removed 

1.1 

200 

(d,f) 

1.06 

Top) 

6 

1.1 

90 

(d,£) 

.62 

7 

1.1 

None 

None 

8 

1.1 

None 

None 

9 

1.1 

None 

None 

10 

1.1 

None 

None 

II 

1.1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tnpe.  .62  Wide, 

(«) 

SKIRT  BAND 

300  Lb  Nylon  Tape,  1.0  Wide 

500  Lb  Nylon  Webbing*  .  56  Wide 

RADIALS  (2  EACH) 

300  Lb  Nylon  Tape, 

1.0  Wide 

|  SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(()  CONTINUOUS  REINFORCEMENT  (e)  NO.  1  THRU  NO.  5  SAIL.  DOUBLED. 

CENTER  OF  GORE 
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PART  NO.:  R7527-503 

TITLE:  Parachute.  85.6  Ft  D0  Conical  Rlngsail 
NO.  GORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

550  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0  Wide 

TAPE  | 

RING  NUMBER 

■MSS i 

WIDTH,  IN. 

1 

2.25 

90  (b.f) 

.62 

2 

2.25 

90  (c.f) 

.62 

3 

2.25 

90  (c,f) 

.62 

4 

1.1 

90  (c,f) 

.62 

5 

1.1 

200  <d.I) 

1.06 

6 

1.1 

90  (d,I) 

.62 

1 

Li 

None 

None 

8 

Li 

None 

None 

9 

LI 

None 

None 

10 

LI 

None 

None 

II 

Li 

None 

None 

12 

LI 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  , 

62  Wide  (e) 

SKIRT  BAND 

300  Lb  Nylon  Tape,  1.0  Wide 

500  Lb  Nylon  Webbing,  .  56  Wide 

RA DIALS  (Z  EACH) 

300  Lb  Nylon  Tape, 

1.0  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (e)  LEADING  AND  TRAILING  EDGE 

<t>)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(()  CONTINUOUS  REINFORCEMENT  <„)  NO.  I  THRU  NO.  5  SAIL,  DOUBLED, 

CENTER  OF  GORE 


ns 


PART  NO.:  OR  7661-1 


TITLE:  Par  achats, 

83,  5.  Ft  Do  Conical  Ringtail 

NO.  CORES:  68 

TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL  . 

VENT  LINES 

550  Lb  Nylon  Cord 

4000  Lb  Nylon  Webbing,  1.0  Wide 

■ 

CLOTH  WEIGHT 

TAPE  (f )  | 

.  RING  NUMBER 

OE/YD*-  (a) 

HIT— 1 

\mmsssm\ 

1 

,•  i 

2.25  ! 

200  (b) 

1.06 

2 

2,25 

200  (e)* 

1.06 

3 

t 

2.25  1 

200  (e) 

1.06 

4 

2,25 

200  (c) 

1.06 

5  (75%  Removed 

i.l 

200(4) 

1.06 

To?) 

6 

l.i 

90  (d) 

.62 

7 

1*1 

90(d) 

.62 

• 

1.  ft 

90(d) 

.62 

9 

I.l 

None 

None 

lit 

i 

1.1 

None 

None 

u 

1,1 

None 

None 

It 

1.1 

None 

None 

VERTICAL  TAPE 

90  LH  Nylon  Tape, 

.  62  Wide  (c) 

J§0  Lb  Nylon  Tape,  l.ft  Wide 

SKIRT  BAND 

500  Lb  Nylon  Webbing,  ,  56  Wide 

RADIALS  a  EACIU 

350  Lb  Nylon  Tape, 

1 . 0  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord  | 

<t)  TRIPLE-SELVACE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 
4b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

ii)  CIRCUMFERENTIAL  REIN-  (c)  NO,  1  THRU  NO,  S  SAIL,  DOUBLE 

FORCKMKNT  CENTER  OF  GORE 
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PART  NO,:  DR  7661  -  527 

TITLE:  Parachute, 

83.  5  Ft  Do  Conic  vl  Ringaail 

NO.  CORES:  68 

TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL  ! 

VENT  LINES 

650  Lb  Nylon  Cord 

1  1200  Lb  Nylon  Webbing,  1,0  Wide 

VENT  BAND 

I  4000  Lb  Nylon  Webbitij',  !.0  Wide 

CLOTH  WEIGHT 

TAPE  (f) 

RING  NUMBER 

07. /YD2  (a) 

!  pTTTb  I  WIDTH.  IN. 

I 

2,  25 

2S0  (b) 

1,06 

2 

2.25 

20Q  {«) 

1.06 

3 

2,  25 

200  (c) 

1.06 

4 

2.  25 

200  (d) 

1.06 

350  (b) 

LOO 

5  (?S%  Remove* 

,  1.1 

625(d) 

1.00 

Top) 

200  (b) 

1.06 

6 

1.1 

350(d),  200(h) 

1.00/1,06 

90  (b) 

.62 

7 

1.1 

350  (d),  200(h) 

1.00/1.06 

90  (b) 

,62 

• 

1.1 

200(d),  200(h) 

1.06/1.06 

90  (b) 

.62 

9 

1.1 

90(d) 

.62 

10 

1.1 

None 

None 

II 

1.1 

None 

None 

12 

1.  1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape. 

.  62  Wide  (c) 

SKIRT  BAND 

1200  I  n  Nylon  Webbing,  t.O  Wide  (g) 

RA DIALS  (2  EACH) 

350  Lb  Nylon  Tape, 

1,0  Wide 

_ 1 

SUSPENSION  LINES 

650  Lb  Nylon  Curd 

{;:)  DOUBLED  (hi  MID- RING 

(a)  TWPLB-Sr.LV AGE  CLOTH  (c)  LIIADiNG  AND  TRAILING,  EDGE 

<b)  LEADING  EDGE  ONLY  (<*.)  TRAILING  EDGE  ONLY 

(i)  C1RCUM  v  KUHN  VIAL  REIN-  (c)  NO.  1  THRU  NO.  •>  SMI.,  DOUBLED, 

FORCEMBNT  CENTER  Of*  COP  £ 


2?tt 


0 


figur*  104.  Gore  PmU.rn  tod  Fulhtta*  Distribution. 
R7661-1  U»*u  -519  83. 5  ft  D0  Cooic&l  Ring  Mil  Rmchuu 


PART  NO.:  R7661-1 


TITLE:  Parachute,  83.5  ft  D0  Conical  Ringaail 

NO.  GORES:  68 

TYPE  OF  REEFING:  Mid-Gore 


ITEM 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1.0  Wide 

|  TAPE  | 

RING  NUMBER 

P„.  LB 

WIDTH,  IN. 

l 

2.25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

2.25 

200  (c) 

1.06 

5  (75%  Remove* 

,  l.l 

200  (d) 

1.06 

Top) 

6 

1.1 

90  (d) 

.62 

7 

1. 1 

90  (d) 

.62 

8 

1.1 

None 

None 

9 

1. 1 

None 

None 

10 

1.1 

None 

None 

11 

1. 1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

62  Wide  (e) 

350  Lb,  Nylon  Tape, 

1.0  Wide 

SKIRT  BAND 

500  Lb,  Nylon  Webbing,  ,56  Wide 

RADIALS  (2  EACH) 

350  Lb  Nylon  Tape, 

1,0  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE -SELVAGE  CLOTH  (e)  LEADING  AND  TRAILING  EDGE 
<b)  LEADING  EDGE  ONLY  [A)  TRAILING  EDGE  ONLY 

(e)  NO.  I  THRU  NO.  5  SAIL,  DOUBLED, 
CENTER  OF  GORE 


PART  NO.:  R764U501 

TITLE:  Parachute,  83.  S  Ft  D0  Conical  Ringtail 
NO.  CORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

J 

ITEM 

—  -  -  1 - -  - - i 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1,0  Wide 

RING  NUMBER 

mob 

TAPE  | 

■  "II 

WIDTH,  IN. 

1 

2,25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

2.25 

200  (c) 

i.06 

5  {75%  Remove; 

.  1.1 

200  (d) 

1.06 

Top) 

6 

1.1 

90  (d) 

.62 

7 

1.1 

90  (d) 

.62 

• 

1.1 

90  (d) 

.62 

9 

1.1 

None 

None 

10 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

l.l 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

.62  Wide  (e) 

SKIRT  BAND 

350  Lb  Nylon  Tape,  1.0  Wide 

500  Lb  Nylon  Webbing,  .  56  Wide 

RADIALS  (2  EACH) 

350  Lb  Nylon  Tape, 

i.O  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  tc)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(e)  NO,  l  THRU  NO.  5  SAIL,  DOUBLED, 
CENTER  OF  GORE 
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PART  NO.:  R766 1-503 


TITLE:  Parachute,  83.5  Ft  Dc  Conical  Ringsail 
NO.  GORES:  66 

TYPE  OF  REEFING:  Mid-Gore  ■ 


ITEM 


MATERIAL 


VENT  LINES 

S  1 

650  Lb  Nylon  Cord  * 

VENT  BAND 

5  i 

4000  Lb  Nylon  Webbing,  1.0  Wide 

RING  NUMBER 

|  TAPE 

,  *V  LB 

WIDTH,  IN. 

l 

2.25  . 

i 

200  (b) 

1.06 

2 

2.25 

200  (c) 

' 1 . 06  • 

3 

2.25 

200  (c) 

i 

.  1.06 

1 

4 

\ 

2.25 

200  (c) 

,1.06 

5  (75%  Removec 

,  l.i 

200  (d)  1 

1.06 

Top) 

6 

1.1 

90  (d) 

i  \ 

1  .62 

7 

l.l! 

90  (d) 

‘  J 

•  62 

8 

l.l  . 

90  (d) 

.,62 

9 

l.l 

None 

,  None  1 

10 

! 

1.1 

Node 

None 

11 

1  1.1 

None 

'None 

12 

1.1 

i  Nonei 

None; 

VERTICAL  TAPE  90  Lb  Nylon  Tapd,  .62  Wide  (e) 


SKIRT  BAND 


RADIALS  (2  EACH) 

350  Lb  Nylon  Tape,  1,0  Wide 

SUSPENSION  LINES 

t 

650  Lb  Nylon  Cord  , 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 
<b)  LEADING  EDGE  ONLY  (d)  TRAILING'  EDGE  ONLY 


I 


1 


I 


PART  NQ.:  R766 1-505 

I  I  ; 

TITLE:  Parachute,  83. 5  Ft  Dq  Conical  Ringaail 
MO.  GORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

iteKi 

,  MATERIAL 

650  Lb  Nylon  Cord 

!  1 

PKMgMMH 

4000  lib  Nylon  Webbing.  1,0  Wi<ie 

1  RING  NUMBER 

JnwM 

I  TAPE  | 

WIDTH,  IN. 

. 

1 

i 

i 

2.25 

200  (b) ! 

1.06  ! 

2 

i 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (fc)  i 

L06 

4 

i  2.25 

200  (c)  i 

1.06 

90  (b)  i 

1.62 

1  5  (7^Reoiov-d 

l.l,  , 

200  (d,  f, ) 

1.06 

Top 

: 

'  6  ! 

i.i 

SBa&RP  h 

1.06 

1.  ■ 

i 

.62 

7 

,i.i 

200  (d)  i 

,  1.06 

• 

i  '  i 

90  (d)  i 

.62 

,8 

i.i 

90  (d.f) 

.62  i 

9 

i.i 

i 

None  , 

None 

10 

i.i 

None 

i 

;  None  ' 

■  i 

11  , 

i.i 

None 

l 

None  , 

12 

i 

*.i  1 

'  None 

1  None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

.62  Wide  (e) 

:  1 

1 

SKIRT  BAND 

1200  Lb  Nylon  Webbing,  1.0  Wide  i  | 

HRHfli 

350  Lb  Nylon  Tape, 

1.0  WUe 

SUSPENSION  LINES 

1 

650  Lb  Nylon  Cord  1 

i  1 

<«)  TRIPLE -SELVAGE  CLOTH  (c)  LEADING  AND  TRAIUNG  EDGE 
(t)  LEADING  EDGE  ONLY  (d)  TRAIUNG  EDGE  ONLY  , 

(I)  DOUBLED  (e)  NO.  1  THRU  NO.  5  SAIL,  DOUBLED, 

i  CENTER  OF  GORE  ,  ~V  i 

1  '  j. 


283  1 

I 

1  .  1  :  .  t 


I 


PART  NO.:  R766 1-507 

TITLE:  Parachute,  83.5  Ft  D0  Conical  Ringsail 


NO.  GORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1 . 0  Wide 

RING  NUMBER 

TAPE  1 

Pr,  LB 

WIDTH,  IN. 

1 

2.25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

2.25 

200  (c) 

1.06 

90  (b) 

.62 

5  (75%  Remove: 

,  1.1 

200  (d,  f) 

1.06 

Top) 

90  (b,  £) 

.62 

6 

1.1 

200  (d) 

1.06 

90  (d) 

.62 

7 

1.1 

200  (d) 

1.06 

90  (d) 

.62 

8 

l.l 

90  (d.f) 

.62 

9 

1.1 

None 

None 

10 

1.1 

Nono 

Nono 

a 

1. 1 

None 

None 

12 

l.l 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

62  Wide  (o) 

SKIRT  BAND 

350  Lb  Nylon  Tape,  1.0  Wide 

500  Lb  Nylon  Webbina.  .56  Wide 

RADIALS  (2  EACH) 

350  Lb  Nylon  Tape, 

1.0  Wide 

| 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(£)  DOUBLED  (o)  NO.  1  THRU  NO.  5  SAIL,  DOUBLED 

CENTER  OF  GORE 
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PART  NO.!  R7661-509 


"  TITLE:  Parachute,  83.5  Ft  D0  Conical  Ringsail 
I  NO.  GORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

VENT  BAND 

1200  Lb  Nylon  Tape,  1.0  Wide 

4000  Lb  Nylon  Webbing,  1.0  Wide 

RING  NUMBER 

18iwwgi»Kgn»gB 

|  TAPE  | 

WIDTH,  IN. 

1 

2.25 

200 

(b) 

1.06 

2 

2.25 

200 

(c) 

1.06 

3 

2.25 

200 

(c) 

1.06 

4 

2.25 

200 

1.06 

350 

<b> 

1.00 

5  (75%  Remove* 

,  1.1 

625 

(d) 

1.00 

Top) 

200 

(b) 

1.06 

6 

1.1 

350 

(d). 

90(b), 

1  •  00,  « 62, 

200 

(0 

1.06 

7 

1.1 

350 

(d), 

90(b), 

1.00,  .62, 

200 

(f) 

1.06 

8 

1.1 

200 

(d). 

90(b), 

1.06,  .62, 

200 

(*) 

1.06 

9 

1.1 

90 

<d) 

.62 

10 

1.1 

None 

None 

11 

1.1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  .62  Wide  (o) 

SKIRT  BAND 

Doubled 

1200  Lb  Nylon  Tape, 

1.0  Wide 

RADIALS  (2  EACH) 

350  Lb  Nylon  Tapo, 

1.0  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord  | 

(a)  TfUPLE-SELY AGE  CLOTH 

»  mmrmsM 

REINFORCEMENT 


<c) 

RENTIAL  jj} 


LEADING  AND  TRAILING  EDGE 
TRAILING  EDGE  ONLY 
NO.  1  THRU  NO.  5  SAIL,  DOUBLED 
CENTER  OF  GORE 
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PART  NO.:  R7661-511 


TITLE:  Parachute,  S3. 5  Ft  D0  Conical  Ringsail 
NO.  CORES:  68 


TYPE  OF  REEFING:  Mid-Gore 


ITEM 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

VENT  BAND 

1200  Lb  Nylon  Tape,  1.0  Wide 

4000  Lb  Nylon  Webbing,  l. 0  Wide 

RING  NUMBER 

CLOTH  WEIGHT 
OZ/YD2  (a) 

TAPE  | 

1  P-,  LB 

WIDTH,  IN. 

1 

2.25 

200  (b) 

1,06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

2.25 

200  (d) 

1.06 

350  (b) 

1.00 

5  (75%  Removec 

*  1.1 

625  (d) 

1.00 

Top) 

200  (b) 

1.06 

6 

1.1 

350  (d), 

90(b), 

1.00,  .62 

200  (I) 

1.06 

7 

1.1 

350  (d). 

90(b), 

1  •  00,  « 62, 

200  (0 

1.06 

8  *  , 

1.1 

200  (d), 

90(b), 

1.06,  .62, 

200  (f) 

1.06 

9 

i.  1 

90  (d) 

.62 

10 

None 

None 

11 

1.1 

None 

None 

12 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape,  .62  Wide  (e) 

SKIRT  BAND 

Doubled 

1200  Lb  Nylon  Tape 

1.0  Wide 

RADIALS  (2  EACH) 

350  Lb  Nylon  Tape, 

1.0  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE  .SELVAGE  CLOTH  (c) 

ft 

REINFORCEMENT 


LEADING  AND  TRAILING  EDGE  < 

TRAILING  EDGE  ONLY 

NO.  I  THRU  NO.  6  SAIL,  DOUBLED 

CENTER  OF  GORE 
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PART  NO.:  R7661-513 

TITLE:  Parachute,  83.5  Ft  D0  Conical  Ringsail 

NO.  GORES:  68 

TYPE  OF  REEFING:  Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

1  1200  Lb  Nylon  Tape 

lTOwIde 

VENT  BAND 

TAPE  | 

RING  NUMBER 

T?iii'|n— 

WIDTH,  IN. 

I 

2.25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (c) 

1.06 

4 

2,25 

Mm 

1.06 

1.00 

5  (75%  Removed 

.  1.1 

1.00 

Top) 

1.06 

6 

1.1 

350  (d),  90(b), 

1,00,  .62, 

200  (I) 

1.06 

7 

1.1 

350  (d),  90  (b). 

l«00|  *62, 

200  (f) 

1.06 

8 

1.1 

200  (d),  90(b), 

1.06,  .62, 

. 

200  (1) 

1.06 

9 

1.1 

90  (d) 

.62 

10 

1.1 

None 

None 

tl 

1.1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

.62  Wide  (e) 

Doubled 

SKIRT  BAND 

1200  Lb  Nylon  Tape 

1.0  Wide 

RA DIALS  (2  EACH) 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

( a)  TRIPLE. SELVAGE  CLOTH  (c) 

(b)  LEADING  EDGE  ONLY  (dl 

(I)  MID-RING  CIRCUMFERENTIAL  \t) 

REINFORCEMENT 


LEADING  AND  TRAILING  EDGE 

TRAILING  EDGE  ONLY 

NQ.  t  THRU  NO.  5  SAIL.  DOUBLED, 

CENTER  OF  GORE 
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PART  NO.:  R7661-515 

TITLE:  Parachute,  83.5  Ft  D0  Conical  Ringsail 

NO.  GORES:  68 

TYPE  OF  REEFING:  Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

650  Lb  Nylon  Cord 

1200  Lb  Nylon  Webbing,  1,0  Wide 

VENT  BAND 

4000  Lb  Nylon  Webbing,  1,0  Wide 

CLOTH  WEIGHT 

TAPE  j 

RING  NUMBER 

OZ/YD2  (a) 

pr.  LB 

WIDTH,  IN. 

l 

2.25 

200  (b) 

1.06 

2 

2.25 

200  (c) 

1.06 

3 

2.25 

200  (C) 

1.06 

4 

2.25 

200  (b) 

1.06 

350  (d) 

1.00 

5  (75%  Remove* 

.  i.l 

625  (d),  1200  (d 

I  1.00,  1.00, 

Top) 

200  (b) 

1.06 

6 

1.1 

350  (d).  90(b), 

l«00|  » 62f 

200  (1) 

1.06 

7 

I.l 

350(d),  90(b), 

1.00,  .62 

200  (I) 

1.06 

8 

1.1 

200(d),  90(b) 

1.06,  .62, 

200  (I) 

1.06 

9 

1.1 

1200(d)  (g) 

1.00 

90  (d) 

.62 

10 

1.1 

200  (d) 

1.06 

li 

1.1 

None 

None 

12 

1.1 

None 

None 

VERTICAL  TAPE 

90  Lb  Nylon  Tape, 

,62  W*de  (*) 

Doubled 

SKIRT  BAND 

1200  Lb  Nylon  Tape, 

1,0  Wide 

RADIALS  (2  EACH) 

150  Lb  Nylon  Tape, 

1.0  Wide 

SUSPENSION  LINES 

650  Lb  Nylon  Cord 

(a)  TRIPLE-SELVAGE  CLOTH 


la)  doubled 

(c)  LEADING  AND  TRAILING  EDGE 

LEADING  EDGE  ONLY  d)  TRAILING  EDGE  ONLY 

MID- RING  CIRCUMFERENTIAL  <e)  NO.  I  THUD  NO,  5,  SAIL.  DOUBLED 

REINFORCEMENT  CENTER  OF  CORE 


PART  NO.: 


R  7661-517 


TITLE:  Parachute.  83.5  Ft  D0  Conical  Ringeail 
NO.  CORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

650  Lb.  Nylon  Cord 

1200'Lb"  Nylon  Webbing,  1,0  Wide 

VENT  BAND 

4000  Lb.  Nylon  Webbing,  1.0  Wide 

CLOTH  WEIGHT 

TAPE  | 

RING  NUMBER 

OZ/YD2  (a) 

P*,  LB 

1 

2.25 

200(b) 

1.06 

l 

2.25 

200(c) 

1.06 

1 

2.25 

200(c) 

1.06 

4 

2.25 

200(b) 

1.06 

350(d) 

1.00 

5(75%  Removed, 

1.1 

625(d),  1200(d) 

1.00,  1.00, 

Top) 

200(b) 

1.06 

6 

1.1. 

350(d),  90(b), 

1.00,  ,62 

200(1) 

1.06 

7 

l.l 

350(d),  90(b), 

1.00,  ,62 

200(0 

1.06 

« 

l.l 

200(d),  90(b) 

1.06,  .62 

200(0 

1.06 

9 

1.1 

1200(d)  (g) 

1.00 

90(d) 

.62 

10 

1.1 

200(d) 

1,06 

II 

1.1 

None 

None 

12 

1.1 

None 

Nona 

VERTICAL  TAPE 

80  Lb.  Nylon  Tape. 

.62  Wide  (e) 

Doubted 

SKIRT  BAND 

1200  Lb.  Nylon  Tape 

,  1.0  Wide 

RAD1ALS  (2  EACH) 

350  Lb.  Nylon  Tape, 

1,0  Wide 

SUSPENSION  LINES 

650  Lb.  Nylon  Cord 

<|)  DOUBLED 

(a)  TRIPLE-SELVAGE  CLOTH  <c)  LEADING  AND  TRAILING  EDGE 

(b)  LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

(0  MID-RING  CIRCUMFERENTIAL  («)  NO.  I  THRU  NO.  5.  SAIL,  DOUBLED 
REINFORGEMENT  CENTER  OF  GORE 
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PART  NO.:  R7661-519 

TITLE:  Parachute,  83. 5  Ft.  D0  Conical  Ringaail 


NO.  GORES:  68 


TYPE  OF  REEFING: 

Mid-Gore 

ITEM 

MATERIAL 

VENT  LINES 

650  Lb.  Nvlon  Cord 

1200  Lb.  Nylon  Webbing,  1.0  Wide 

VENT  BAND 

4000  Lb.  Nvlon  Webbina.  1.0  Wide 

TAPE  I 

RING  NUMBER 

■  III  — 

WIDTH,  IN. 

* 

fc 

2.25 

200(b) 

1.06 

2 

2.25 

200(c) 

1.06 

2 

2.25 

200(c) 

1.06 

4 

2.25 

200(b) 

1.06 

350(d) 

1,00 

5  (75%  Removed 

If  1 

625(d),  1200(d) 

1,00,  1.00, 

Top) 

200(b) 

1.06 

6 

1*  l 

350(d),  90(b), 

1.00,  .62, 

200(f) 

1.06 

7 

M  * 

350(d),  90(b). 

1.00.  ,62 

200(f) 

1.06 

8 

1*  l 

200(d).  90ft) 

1.06,  .62 

200(f) 

1.06 

9 

1»  i 

1200(d)  (g) 

1,00 

90(d) 

.62 

10 

i*  I 

200(d) 

1.06 

il 

M  1 

None 

None 

12 

1*  1 

None 

None 

VERTICAL  TAPE 

90  Lb.  Nylon  Tape, 

.62  Wide  (e) 

Doubled 

SKIRT  BAND 

1200  Lb.  Nylon  Tapi 

i,  1.0  Wide 

RA DIALS  (2  EACH) 

350  Lb.  Nylon  Tape, 

1.0  Wide 

SUSPENSION  LINES 

650  Lb.  Nylon  Cord 

(f)  DOUBLED 

(a)  TRIPLE-SELVAGE  CLOTH  («)  LEADING  AND  TRAILING  EDGE 


(t>)  LEADING  EDGE  ONLY 

«  Kf&?8i8:»MrE,lENI“t 


Id)  TRAILING  EDGE  ONLY 
(«$  NO.  I  THRU  NO.3,  SAIL.  DOUBLED. 


CENTER  OF  GORE 
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R7811-  1  128. 8  ft  p0  Ringtail  Parachute 


PART  NO.:  R78U-1 

TITLE:  PARACHUTE.  128. 8  ft  D0  RINGSA1 L 

NO.  GORES:  112 

TYPE  OF  REEFING:  RADIAL 

ITEM 

MATERIAL 

VENT  LINES 

550  lb  NYLON  CORD 

VENT  BAND 

4000  1b  NYLON  WEBBING.  1.0  WIDE 

TAPE  | 

RING  NUMBER 

■iwr— 

WIDTH,  IN. 

1 

2.25 

200  (b) 

1.0 

Z 

2.25 

200  (c) 

1.0 

3 

2.25 

200(c) 

1.0 

4 

2.25 

90(c) 

.62 

S 

2.25 

90(c) 

.62 

6 

1.6 

90  (c) 

.62 

7 

1.6 

90(c) 

.62 

9 

1.6 

90(c) 

.62 

9 

1.1 

1000  (d.  I) 

.50 

to 

1. 1 

70(d) 

.62 

U  AND  12 

t.l 

70(d) 

.62 

13  THRU  21 

1. 1 

70(d) 

.62 

VERTICAL  TAPE 

90  lb  NY  ION  TAPE,  .62  WIDE  (•) 

SKIRT  BAND 

1060  «>  NYLON  WEBBING,  .  5  WIDE 

RA DIALS  (2  EACH) 

300  lb  NYLON  TAPE,  1. 0  WIDE 

SUSPENSION  LINES 

550  lb  NYLON  CORD 

M  t RIPUE.SE LVAGE  CLOTH  (c)  LEADING  AND  TRAILING  EDGE 

LEADING  EDGE  ONLY  (d)  TRAILING  EDGE  ONLY 

CIRCUMFERENTIAL  REIN-  |e)  KG.  I  THRU  NO.  9  SAIL  DOUBLED* 

FORCEMENT  CENTER  OF  CORE 
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APPENDIX  B 


SPECIAL  RINGSAIL  PARACHUTE  APPLICATIONS 


Modified  Ringsail  parachute  designs  were  developed  for  applications  other 
than  the  Apollo  ELS  cluster.  Development  of  the  "Glide sail"  steerable 
version  was  initiated  in  I960  when  interest  in  the  potential  utility  of  a  con¬ 
trollable  gliding  parachute  was  beginning  to  gain  momentum.  In  1967  the 
Ringtail  parachute  design  was  adapted  to  the  need  for  an  aerial  pickup  target 
canopy  of  good  efficiency  and  positive  opening  characteristics.  About  the 
same  time  the  NASA  Langley  Research  Center  developed  a  new  Ringsail 
design  with  a  wide  peripheral  slot  (similar  to  the  Disc-Gap-Band  parachute) 
for  the  Planetary  Entry  Parachute  Program.  The  salient  characteristics 
of  these  parachutes  are  summarized  in  the  following  sections. 

1.  0  The  Glidesail  Steerable  Parachute 

The  Glidesail  parachute  was  conceived  as  a  minimal  modification  of  the 
Ringtail  design  to  produce  a  fully  dirigible  parachute  having  a  maximum 
ratio  to  lift  to  drag  in  the  range  of  0.  $  to  1.  0.  It  was  one  of  the  first  new 
gliding  parachute  designs  to  provide  for  L/D  control  from  zero  to  maximum* 
In  this  raspect  it  was  an  improvement  over  its  steerable  contemporaries, 
most  of  which  had  fixed  built-in  glide  ratios  between  0.  3  and  0.  5, 

The  Glidesail  control  system,  for  which  a  patent  was  applied  in  June  1961 
and  granted  in  January  1964  (Patent  No.  3,  117,  7S3),  consisted  of  «  broad 
trailing  edge  flap  having  in  the  final  configuration  a  radial  depth  abme  t>*e 
skirt  of  0,  IS  Do  and  spanning  ,  37N  to  .  4N  gores*  The  group  of  suspension 
lines  on  the  flap  were  attached  to  a  common  control  riser.  Steering  was 
effected  by  retracting  suspension  lines  on  either  side  of  the  canopy  which 
caused  the  Glidesail  to  turn  by  shifting  the  system  center  of  gravity.  The 
parachute  was  deployed  with  the  flap  fully  retracted  so  that  all  suspension 
lines  would  be  of  equal  length  through  the  opening  transient.  After  the  sys¬ 
tem  reached  a  steady  descent  condition*  the  flap  control  riser  was  extended 
to  initiate  glide* 

One  of  the  63  ft  D0  Glidesail  models  is  shown  in  Figure  136  descending  in 
full  glide  with  flap  extended.  The  NASA -  sponsored  development  program 
reported  in  Reference  17  included  tethered  control  tests  of  a  variety  of  18  ft 
D0  models  in  the  AMES  40  x  80  wind  tunnel  and  aerial  drop  tests  of  J6  ft  Dw 
and  63  ft  D0  models  with  a  radio-controlled  test  vehicle.  One  test  was 
also  performed  with  a  cluster  of  three  canopies  secured  together  in  a  delta 
configuration  of  which  only  two  were  Glidesails.  The  leading  canopy  was  a 
standard  Ringsail  inherited  from  the  Mercury  program.  All  nl  the  lest 
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specimens  were  mad*  standard  parachute  cloth  and  moat  of  thorn  had 
it-  affective  suspension  line  length  of  0.  8DC.  Bocauce  the  teat  instrumenta¬ 
tion  was  hot  adapted  for  cancelling  the  offset  of  wind  except  when  a  straight 
course  was  flown*  only  rough  L/D  measurements  were  obtained.  The  re- 
ported  performance  iepvescutedin  Table  XXYXX. 

-  table  xxyu 


MEASURED  GUDE3&1X  PERFORMANCE 


i  SystemCoufiguratieu 

Single 

Single 

Cluster  of  3 

GlidtMll,  D  (k) 

© 

36 

63 

63 

Dascsnt  weight,  (lb) 

184 

2580 

2750 

Rate  of  descent,  (fps) 

15,0 

29,5 

18.0 

Average  Turning  Rate,  (deg.  /  sec. ) 

- 

4 

5 

Control  riser  extension 

w 

. 125 IX 
o 

.  125  Dc 

.  120  D 

o 

Average  L/D 

■ 

.  <**'.4- 

,  7 

~ .  6 

Once  the  glide  had  been  initiated,  system  stability  during  the  descent  was 
excellent,  pendular  oscillations  being  imperceptible. 

One  of  the  major  program  objective  swaato  produce  a  controllable  gliding 
parachute  as  a  minimum  modification  of  the  Ring  sail  in  order  ,  to  gain  full 
benefit  from  the  demonstrated  high*  opeqihg  reliability  of  the  Ring  sail  design. 
This  objective  was  attained,  but  the  design  goal  of  X/D  *  1. 0  was  not.  Sub¬ 
sequent  experience  taught -that  the  use  of  low  porosity  cloth  In  the  major  area 
of  the  canopy  around  the  ring  slot  crown  probably  would  have  enabled  attain¬ 
ment  of  the  design  goal, 

2.0  The  Ringtail  Aerial  Pickup  Target 

The  canopy  of  the  Ring  sail  aerial  pickup  target  parachute  is  of  standard 
design.  As  shown  in  Figure  1 0?  the  modification  required  to  adapt  if  for 
the  annular  parachute  aerial  recovery  system  consists  of  an  added  set  of 
multiple  suspension  lines  attached  to  the  apex  of  the  annular  canopy.  The 
target  parachute  also  carries  an  interwoven  web  of  heavy  reinforcements 
for  transmission  of  the  engagement  and  pickup  loads  through  the  annular 

M'it  ..-■•{■ivr.'v. Y 

•  v  'u .<•  v. 

,$?5 
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specimens  were  made  from  standard  parachute  clpth  and  most  of  them  had 
an  effective  suspension  line  length  of  0.0  DQ,  Because  the  test  instrumenta¬ 
tion  was  cot  adapted  for  cancelling  the  effect  of  wind  except  when  a  straight1 
course  was  flown,  only  rough  L/D  measurements  were  obtained,  The  re¬ 
ported  performance  is  presented  in  Table  XXVII.  , 

TABLE  XXVII  f 


MEASURED  GXJDESAIL  PERFORMANCE 


System  Configuration 

— 

Single  ■ 

l 

Single 

Cluster  of  3 

Glide  sail,  Dq  (ft) 

36 

63  , 

63 

Descent  weight,  (lb) 

184 

2580 

,  2750 

Rate  of  descent,  (fpa) 

15.0 

29.  5 

18.0  ' 

Average  Turning  Rate,  (deg,  /  sec. ) 

.  - 

4 

5 

Control  riser  extension 

.125  Dc 

.125  Do 

“  1  1 

.  120  D 

o 

Average  L/D 

— .  4  j  ~  .  7 

Once  the  glide  had  been  initiated,,  system  stability iduring  the  descent  was 
excellent,  pendular  oscillations  being  imperceptible.  ^ 

One  of  the  major  program  objectives  was  to  produce  a  controllable  gliding 
parachute  as  a  minimum  modification  of  the  Ring  sail  in  order  to  gain  full 
benefit  from  the  demonstrated  high  opening  reliability  of  the  Ringsai!  design. 
This  objective  was  attained,  but  the  design  goal  of  L/D  =  1.0  was  not.  Sub¬ 
sequent  experience  taught  that  the  use  of  lowi porosity  cloth  in  the  major  <areA 
of  the  canopy  around  the  ringslot  crown  probably  would  have  enabled  attain¬ 
ment  of  the  design  goal. 

2.  0  The  Ringsail  Aerial  Pickup  Target  i  1 

i 

I 

The  canopy  of  the  Ringsail  aerial  pickup  target  parachute  is  of  standard 
design.  As  shown  in  Figure  107  the  modification  required  to  adapt  it  for 
the  annular  parachute  aerial  recovery  system  consists  of  an  added  set  of 
multiple  suspension  lines  attached  to  the  ajtax  of  the  annular  canopy.  The 
target  parachute  also  carries  an  interwoven  web  of  heavy  reinforcements 
for  transmission  of  the  engagement  and  pickup  loads  through  the  annular 
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Figure  10t»  Aerial  Engagement  of  17,5  ft  D0  Ringsa.il  Target  Canopy  on 
1  42  ft  D0  Annular  Parachute  with  800 Lb  Dummy  Payload 
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parachute  to  the  payload.  The  number  of  suspension  lines  of  the  target 
parachute  is  equal  to  the  number  of  lines  on  the  annular  parachute,  while 
the  ratio  of  the  number  of  gores  in  the  two  canopies  is  made  either  1/2  or 
1/3,  depending  on  the  relative  size.  Thus,  the  Ringsail  target  parachute 
has  either  two  or  three  suspension  lines  attached  to  the  skirt  of  the  canopy 
at  each  radial  seam.  This  attachment  is  made  to  a  loop  formed  by  turning 
back  the  ends  of  the  double  radial  tapes,  each  line -end  being  bent  through 
the  loop  and  inserted  back  into  itself  to  form  the  familiar  Chinese  finger 
trap  splice. 

Because  the  length  cf  the  suspension  lines  is  determined  by  the  relative 
sizes  of  target  and  annular  canopies,  the  effective  lengths  of  the  Ringsail 
target  rigging  varied  from  /e/DQ  =  .  76  to  1. 49  during  the  development  pro¬ 
gram  reported  in  Reference  4.  One  of  the  unique  advantages  of  this  type  of 
parachute  system  is  that  the  target  canopy  is  used  first  as  a  drogue  (either 
reefed  or  nonreefed)  to  decelerate  the  system  to  a  low  velocity  for  opening 
of  the  nonreefed  annular  canopy.  During  the  drogue  working  interval  the 
suspension  line  confluence  is  retained  by  a  temporary  keeper  formed  by  the 
upper  end  of  the  sleeve  in  which  the  annular  canopy  is  deployed.  A  pair  of 
standard  reefing  line  cutters  is  used  to  release  this  keeper  a  predetermined 
time  interval  after  the  deployment  bag  has  been  stripped  off. 

The  information  obtained  from  the  system  development  tests  provides  the 
only  data  available  on  the  performance  of  small,  heavily  loaded  Ringsail 
parachutes.  In  the  majority  of  the  tests  the  equilibrium  descent  velocity  at 
the  end  of  the  "drogue"  working  interval  fell  between  53  and  93  fps  (EAS);  the 
corresponding  unit  canopy  loadings  were  in  the  range  of  W/CDS0  3.  5  to 
10.3  psf.  Measured  drag  coefficients  and  opening  load  factors  of  these  para¬ 
chutes  are  included  in  Figures  22  and  28  respectively.  The  data  presented 
in  Table  XXVIII  are  representative  of  the  beet  performance  of  the  four  dif¬ 
ferent  models  tested.  To  insure  structural  integrity  for  the  test  program 
these  Ringsails  were  made  of  the  conservative  "mid-weight"  construction 
incorporating  pickup  reinforcements  of  9000  lb  1  inch  webbing  and  10,  000  lb 
braided  cord. 


3.  0  The  Modified  Ringsail  Parachutes  of  the  PEPP  Program 

During  the  Planetary  Entry  Parachute  Program  conducted  by  the  NASA 
Langley  Research  Center  (Reference  18)  a  modified  Ringsail  parachute 
design  was  subjected  to  several  tests  at  speeds  up  to  Mach  2.  9  and  altitudes 
in  excess  of  120,  000  feet.  Experimental  models  having  nominal  diameters 
of  31.  2,  40,  and  54.  5  feet  ware  tested.  These  parachutes  were  deployed 
nonreefed  at  dynamic  pressures  in  the  range  of  9  to  12  psf.  Total  geometric 


TABLE  XXVIII 


RINGSAIL  TARGET  PARACHUTE  PERFORMANCE  AS  A 
DROGUE  IN  THE  UAR  SYSTEM 


(Symbol)  D  -  (ft) 


Number  of  gores 

Number  of  lines 

Rigging 

(VDo> 

6  O 

Reefing 

(%/Do) 

Test  No. 

Descent  weight, 

(lb) 

Altitude, 

(ft) 

q. 

(psf) 

Opening  Loads: 

Reefed,  (lb) 

Disreef,  (lb) 

V 

Reefed 

Disreef 

W/CDS: 

Reefed,  (psf) 

F.  0. ,  (psf) 

□  17.  5  !  <>23.0  k.  28.  5  (734.0  j 

i  t  l 


30 


fps  (EAS) 


Parachute  weight*  (lb) 


NOTE:  (1)  Averages  for  4  tests  (2)  Averages  for  2  tests 

Includes  canopy  and  lines  of  "mid-weight"  construction  and  pickup 
reinforcements. 


porosities  were  typically  about  13%  SQ,  most  of  which  (  9%  SQ)  was  concen¬ 
trated  in  a  wide  slot  near  the  periphery  of  the  inflated  canopy  as  shown  in 
Figure  103. 

This  modification  was  derived  from  the  Disc-Gap-Band  parachute  configura¬ 
tion  developed  by  LRC  in  an  attempt  to  produce  a  parachute  system  that 
would  be  reasonably  stable  in  very  low  density  air  corresponding  to  condi¬ 
tions  expected  on  the  planet  Mars.  Although  the  PEPP  Ring  sail's  subsonic 
performance  as  a  parachute  was  mediocre,  both  its  subsonic  and  supersonic 
performance  appeared  to  be  better  than  that  of  the  DGB.  Degradation  of 
parachute  performance  in  supersonic  flow  is  expected,  but  the  poor  showing 
of  the  PEPP  patachutes  subsonically  can  be  attributed  to  faulty  aerodynamic 
shaping  of  the  skirt  area  below  the  peripheral  slot.  *  In  operation  the  can¬ 
opies  inflated  to  the  peripheral  slot,  while  the  skirt  annulus,  functioning 
like  an  extension  of  the  suspension  lines,  contributed  little  more  than  skin 
friction  to  total  drag.  This  fault  could  have  been  corrected. 


*With  reference  to  Modified  Ringsail  and  DGB  only;  the  Cross  designs  tested 
were  disqualified  earlier  for  even  poorer  performance. 


Figure  108.  Schematic  of  the  PEPP  Ringsail 
(40  ft  Dq) 


Deployed  supersonically  these  parachutes  exhibited  high  opening  shock 
(Ck  =  .92  -  1.05  nonreefed)  followed  by -a  eve  re  longitudinal  pulsations  and 
load  fluctuations  as  shown  comparatively  in  Figure  109.  The  crown  geo¬ 
metric  porosity  of  the  Ringsail  models  was  too  low,  and  the  roof  porosity 
of  the  DGB  was  even  lower,  the  latter  due  in  part  to  operation  at  a  super¬ 
critical  differential  pressure  across  the  cloth  pores.  Experience  with 
supersonic  drogues  would  suggest  the  need  for  more  geometric  porosity  in 
the  canopy  roof  than  in  the  sidewalls.  In  the  DGB  configuration  the  effective 
sidewalls  would  be  an  annulus  of  the  canopy  roof  above  the  peripheral  slot, 
the  cylindrical  band  functioning  more  as  a  brake  on  canopy  opening. 

The  difference  between  the  constructed  shapes  of  the  two  canopies  in  the 
skirt  area  is  reflected  in  their  filling  rates,  comparison  of  dimensionaless 
filling  intervals  showing  the  filling  distance  of  the  modified  Ringsail  with 
flared  skirt  to  be  75  to  80  percent  that  of  the  DGB  with  cylindrical  skirt  (at 
the  same  Mach  number).  Significant  contribution  of  the  Planetary  Entry 
Parachute  Program  was  the  finding  reported  in  Reference  18  that  the  para¬ 
chute  filling  distance  increased  with  Mach  number  (see  Figure  58,  Section 
6.  2.  5).  This  is  accounted  for  by  the  effect  of  compressibility  on  the  air 
inflow  rate,  the  canopy  volume  to  be  filled  remaining  essentially  constant. 

Subsonic  drag  coefficient  measurements  were  subject  to  considerable  un¬ 
certainty;  average  values  obtained  for  each  different  model  are  presented 
in  Table  XXIX, 


TABLE  XXIX 

PEPP  MEASURED  DRAG  COEFFICIENTS 


Modified  Ringsail 

Disc-Gap 

-Band 

o0<ft) 

c°„ 

D0(ft) 

°0„ 

31 .  i 

.55 

30.0 

.52 

40.0 

.62 

40.0 

.53 

54.5 

.60 

40.0 

.48 

64.7 

.  58 

NOTE:  is  based  on  S0  computed  with  elot  area  included 


The  difference  between  the  small  and  large  models  may  indicate  *.  scale 

effect,  but  probable  errors  are  large.  The  low  drag  coefficients  of  these 

fUngsail  models,  allowing  for  the  wide  peripheral  slot,  indicates  a  design 

problem.  For  parachutes  larger  than  48  ft  D0  a  drag  coefficient  of  less  than 

Cn  ~  0. 70  would  normally  be  considered  unacceptable. 

**o 
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APPENDIX  C 


SAMPLE  DESIGN  PROBLEM 


Ring  sail  parachute  design  procedures  are  clarified  by  a  practical  numerical 
example  based  on  the  requirements  for  recovery  of  a  2340  lb  vehicle.  The 
maximum  allowable  rate  of  descent  at  S0C0  ft  MSL  it  33  fps.  Because  a  high 
rate  of  deceleration  is  desired  to  ensure  safe  recovery  at  very  low  altitudes, 
the  maximum  allowable  opening  load  factor  is  5.  5  g  in  level  flight.  The  para¬ 
chute  Is  to  be  deployed  at  225  KEAS  by  a  forcibly  ejected  pilot  chute  aided,  if 
necessary,  by  an  ejector  bag  under  the  pack.  The  installed  weight  and  volume 
shall  be  a  minimum  compatible  with  the  most  advanced  state  of  the  art. 

The  canopy  area  required  is  derived  by  aerodynamic  analysis  as  follows: 

-  To  allow  for  the  normal  variation  in  the  observed  rate  of  descent 
of  parachute  systems  let  the  design  rate  of  descent  be 

ve  a  33/1. 06  s  31. 1  fps  (rule  of  thumb) 

-  The  equivalent  rate  of  desceut  at  sea  level 

ve  s  31. 1/1,077  e  26. 9  fps  (<r-l/2a  1.077) 

•  The  equilibrium  dynamic  pressure 

qe  a  1. 0  psf 

•  The  required  effective  drag  area 

CoSo  a  W/q*  =  2340  ft* 

-  For  ^C/Dc  s  1. 15  and  ve  =  29  fps 

=  0.81  (Figure  22) 

-  The  canopy  area 

So  3  CdVCj^  =  ft2 

The  following  steps  are  numbered  to  conform  with  Section  5. 1 


Ring* ail  Basic  Dimensions 

1.  Nominal  diameter:  Eb  =  60.  6  ft 

2.  Number  of  gores:  N,=  46  to,  53 

From  the  loads  analysis: 

F  y.TXi  =  5.  5  W  max. 

-  13,000  lbs 

From  the  structural  analysis: 

(a  F. )  Fjljm  *  24,  700  lbs 
Nr  s  4  (risers) 

PR  a  550  lbs  (suspension  line  cord) 

For  N  =  48  NPr  *  26,  400  lbs 
;  and  the  ratio  NPr/(IX  F.)  Fi.ru  =  1. 068  is  satisfactory. 

3.  Length  of  suspension  lines: 

effective  length  s  1. 15  Qo  a  70  ft  (to  the  nearest  foot) 
let  riser#  a  3  ft 

line  length  /*  »  67  ft 

4.  Gore  height  h&  a  <  $19  £>b  ®  377  inches 

5.  Are*  of  crown  ventilation: 

^ge  =  2.  $o  (from  Figure  21) 

Sgc  *  79.  3  ft2 

Vertical  tapes  on  gore  centerlines  crossing  the  crown  slots 
will  be  used. 

6.  Woven  width  of  cloth;  hw  »  36  inches 

To  conform  with  best  practice  for  Ringtails  of 
Db  =  %  feet  and  larger 

7.  Vertical  spacing  of  sails  in  the  gore: 

a)  First  approximation: 

Number  of  sails  in  gore:  hR/hw  s  10.  $ 

n  *  10 

np  s  9 


•I 
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t. 
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Number  of  ring  slots:  (.4  hR/hw)-l  a  3. 2 
ng  a  3 

Vent  height:  hv  =  1 5  to  22  inches 
Start  with  hv  =  18  inches 

Slot  width  dimension  (Ah  ): 

g 

Estimate  position  of  mean  slot  as  shown  in 
Sketch  (a)  Figure  110. 

.  4  hg  s  1 5 1  in. 

hg  =  (.4  b^-h^/2  +  hy  a  84.  5  in. 

Length  of  mean  slot: 

Cg  a  6.44(hR/N)  sin  (h~/hR)54°  (per  Figure  12) 
hR/N  «  ?.  86 
h§/hR  a  84.  5/37? 

Cg  a  6.44(7,86)  sin  12. 1° 
a  50,6  (.209)  a  10.6  in. 

Open  area  per  gore: 

Neglect  area  covered  by  radials  and  vertical 
tapes. 

ES 

-_jp-  =  238  in. 2  (£Sgc  from  step  5) 

Estimated  area  of  vent  sector  =  18  in.  * 

Area  of  mean  slot  per  gore: 

S  -«  (238-18)/3  =  73  in.  2 
$ 

Approximate  slot  width: 

Ah  s  73/10.6  a  6. 9  in. 

8 
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Figure  HO.  Trial  Gore  Layouts  of  Crown  Ventilation  per  Gore 


Chock  width  of  sail  No.  1 


n_h  =  324.  in. 
F  w 

n  Ah  =  20,  ?  in. 
g  g 

h  =  18  in. 

y  - — _ 

Total  362.7  in 


hj  =  377  -  363  =  14  in. 


b)  Second  approximation: 

The  dimensional  adjustment,  needed  may  be  deduced  from 
the  sine  and  position  of  the  mean  slot  in  Sketch  (b)  Fig¬ 
ure  110. 

Since  the  radial  position  is  less  than  estimated  the  slot 
area  also  will  be  less.  Try  increasing  the  slot  width  to 

Ah  =  6.  9  (84.  5/78.4)  =  7.4  in. 


n  Ah  =  22.  2  in. 
g  g 

and 

h,  =  377-364  =  13  in. 

1 

The  crown  geometric  porosity  of  the  adjusted  layout 
shown  in  Sketch  (c)  is  now  checked  by  the  calculations 
summarized  in  Table  XXX. 

Note  that  Cg  -  6.  44  (hR/N)  sin$  =  50.  6  sin  4>; 
rough  slide  rule  accuracy  is  adequate.  (Figure  1 2) 

SS  =  239  (48)/ 144  =  79.6  ft2 
gc 

c)  The  result  is  very  close  to  the  design  value  from  step  5 
above.  Therefore,  a  third  approximation  is  not  required. 
Since  the  vent  dimension  was  not  changed,  no  size  check 
is  needed  here. 
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TABLE  XXX 


SUMMARY  OF  CROWN  GEOMETRIC  POROSITY 


Slot 

No. 

r01*-  - 

h* 

(in.) 

h 

hR 

4>  *■ 

(b/hR)  54  ‘ 

sin  ^ 

Cg 
(in. ) 

Ah 
(in. ) 

Area 

(in.  2/gore) 

(Vent) 

r  ~~ 

9 

.024 

1.3 

.023 

1.16 

18 

21 

i«2 

34.7 

.092 

5.0 

.087 

4,40 

7.4 

33 

2-3 

78.1 

.207 

11.2 

.194 

9.92 

7.4 

73 

3—4 

121.  5 

.322 

17.4 

.299 

15. 1 

7.4 

112 

Per  gore  Total  239  in. 


Per  Figure  110  (C). 


8.  Gore  Coordinates;  C  =  50.6  sin  (h/hR)  54* 

9«  Fullness  factors;  Read  St  from  Figure  54 

10.  Sail  widths;  CA  =  KA  C;  Cfi  =  IC^  C 

11.  Verification  of  canopy  area  and  nominal  diameter; 

The  calculations  required  for  steps  8  through  11  are  summarized 
in  Table  XXXI .  The  sample  calculations  were  carried  out  with  a 
24 -inch  slide  rule.  However,  use  of  a  desk  computer  and  four- 
pbtce  table  of  trigonometric  functions  is  recommended. 

The  total  area  of  the  slots  and  sails  in  one  gore  is  obtained  from 
the  last  column  in  Table  XXXL 

Area  =  8669  in.  2  per  gore 

S0  =  (8669/U4)  43  =  2890  ft2 

D0  =  60.65  feet 
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i  The  final  crown  geometric  porosity  is 

.  £S  =  (244.3/144)  48  =  81.4  ft2 

*9  ,  ,  •  .  ' 

X  =  2.816%S_ 
gc  ° 

,  i  «  ' 

This  is  slightly  greater  than  the  previous  calculation  due  to  a 
small  increment  added  by  the  fullness  fadtors. 

*  1 

The  finished  vent  diaiAeter  with  Cv  =  2.  28  in.  is  * 

■■  Dv  i»  48  (2.  28)/  ir  =  ^4.  80  inches1 


and'  Sy  =  952  in.  2  >=  6.  60  ft2 

!  .  =  .  00228  S0  '  ' 

i  '  I 

!  Note  also  that  the  slot  between  sails  4  and  5  has  no  differential 
fullness  because  it  falls  in  the  region  above  h/hjR  =  0. 45  (Figure 
54).  This  coincidence  seldom  happens  but  is  harmless.  ,  The 
i  effective  area  of  the  slot  is  not  zero  but  is  less  than  it  would  be 
normally.  Although  the  transition  point  on  the  diagram  can  be  , 
treated  flexibly  as  a  br  nd  between  h/h^  =  0.4  and  0;  5,  n6  cor- 
1  rective  adjustment  is  called  for  because,  in  this  area  of  the 

canopy,  strength  is  more  important  than  porosity.  The  designer 
,  could  elect  the  option  of  adding  a  fourth  ringslot  to  the  canopy  at 
!  this  point',  reducing  the  width  of  all  accordingly.  1 

'  1  ;  1  .  1 

12.  Sail  pattern  dimensions  (Table  XXXII) ;  1 

,  11  1  >  1 

1  Add  1.6  inches  to  C.  and  C_ 

AB 

Add  2.  0  inches  to  h^  i 


l 
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TABLE  XXXII 

SAIL  PATTERN  DIMENSIONS 


Calculation  of  the  sail  pattern  dimensions  is  not  essential  to  the 
preliminary  design  analysis  and  can  be  deferred  until  prototype 
fabrication  drawings  are  needed. 

Selection  of  Materials 


Assign  design  factors  that  are  compatible  with  the  desired  safety  factors 
and  a  parachute  structure  of  minimum  weight: 


Component 

Canopy 

Lines 

Risers 

Let  S.  F.  a 

1.  5 

1.  5 

2.0 

Use  D,  F.  a 

1.9 

1.9 

2.  5 

The  design  limit  load  from  the  loads  analysis  is  the  same  for  both  opening 
stages 

Ft.tm  s  Fr  =  F0  =  13,000  lbs 

The  reefed  opening  load  is  for  a  canopy  reefed  with  a  skirt  line  diameter 
Dr  =9. 5%D0  (radial  reefing)  for  which 

CdSr  =  .054  CDS0  (Figure  47b) 

a  126  ft2 

cDp  “  *65  (Figure  55b) 

and  Sp  a  194  ft2 
Dp  S3  15,  7  ft 
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Canopy  cloth: 


PR  =  1. 9  Tc 

Tc  a  13, 000/  IT  Dp 

hi  the  crown  when  reefed: 

Tc  =  13, 000/  it  (15.7) 
a  264  lb/ft  =  22  Ib/in. 

Pr  =41.8  Ib/in. 

Although  the  possibility  of  employing  1. 1  oz.  cloth  with  Pr  =  42  lb/in.  ie 
indicated,  this  likely  would  be  marginal  in  a  canopy  of  this  size  due  to  the 
relatively  high  dynamic  pressure  (172  psf)  at  deployment* 

Therefore,  use  1.6  oz.  /  yd^  ripstop  cloth  with  Pr  a  50  lb/ in. 

The  crown  area  to  be  covered  with  the  heavy  cloth  is  estimated  for  Dp  =  15. 7  ft. 
he  *  (jr/4)  15.7  (12)  «  148" 

Although  this  extends  into  ring  4  (Table  XXXI)  only  rings  1,  2,  and  3  need  be 
made  of  the  selected  cloth,  because  the  unit  lead  in  ring  4  is  much  less 
than  Tc  near  the  vent. 

Checking  a  transition  annulus  of: 

Dp 2  =  (4/ar)  .  5  (377/ 12)  =  20  ft  (Equation  24) 

Tc  =  13, 000/*r(20)  =  207  2b/ft 
=  17.2  Ib/in. 

Pr=  1.9(17.2)  -  32. 8  Vb/ in. 

Therefore,  over  the  balance  of  the  canopy  (rings  4  through  10)  1. 1  oz, 
ripstop  with  PR  =  42  lb /in.  will  be  used. 

Suspension  lines  and  vent  lines: 

PR  =  1.9(13, 000)/ 48  =  515  lbs 

Use  550  braided  nylon  cord 
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Radial  tapes: 


P*R  =  0.9  (51 5)/2  =  232  lbs 
Use  300  lb  1  inch  nylon  tape 

(A  250  lb  1  inch  tape  would  be  a  better  choice  if  such  were 
available. ) 

Mid-Canopy  Circumferential  Band: 

Assume:  Sp  =  .  7  S ^ 

and  Dp=--  1. 1  (4  Sp/jr)*^  (Equation  71  Section  6) 

SpQ  =  (2/3)2  So  =  1284  ft2 

Sp  =  900  ft2  Dp  =  33. 9  ft  (unstretched) 

Dp  =  1. 1  d|,  =  37. 2  ft  when  3?  =  13, 000  lbs 

Tc  =  13, 000/ »r  (37. 2}  =  111.3  lb/ft 

=  9. 28  lb/in. 

Location  of  canopy  equator  on  gore: 

bfmjr  Dp/4  «  26.6  ft 

a  319  inches 

Place  the  band  near  h//2A/  160  or  the  top  edge  of 
ring  5  at  h'b  «  ?6i  inches 

Under  load  hb  ~  1, 1  bb  a  177  inches 
bb  -  hy  #159  inches 

Then:  T\,  «  159(9. 28)/2  =  738  lbs 

Fr  *  1. 9  IV  =  1400  lbs 

Use  1500  lb  9/16  in.  tubular  webbing. 


Risers:  P'^  =  =  81 20  lbs 

Although  8700  lb  type  X  webbing  at  3.  7  oz/yd  satisfies  the 
strength  requirement,  10,  000  lb  type  XIX  webbing  at  4. 1  oz/yd 
is  preferred  because  of  its  superior  flexibility. 

The  remaining  materials  are  selected  in  accordance  with  the  guidelines 
given  in  Section  7.  Table  XXXIII  presents  a  complete  list  of  the  textile 
materials  that  should  be  used  in  prototype  models  of  the  new  60.  6  ft  D0 
Ringsail  parachute. 


TABLE  XXXIII 


MATERIAL  LIST  FOR  THE  60.  6  ft  D0  RINGSAIL  PARACHUTE 


Member 

Mate  rial 

Code 

Specification 

Vent  lines 

550  lb  braided  cord 

a 

MIL-C-751  5B  Type  II 

Vent  band 

4000  lb  1  in,  tubular  wed 

b 

MIL-W-5625D 

Rings  1,  2,  t*  3 

1.6  ot/yd^  nylon  cloth 

c 

MIL-C-7020D  Type  III 

Rings  4  thru  10 

1. 1  oz/yd^  ripstop 

d 

MIL-C-7020D  Type  I 

Sailedge  tapes:  L 

70  lb  5/8  in.  tape 

e 

MIL-T-5608E  Type  III 

CL  B 

M 

90  lb  5/8  in.  tape 

f 

MIL-T-5608E  Type  III 

CL  B 

Vertical  tapes 

90  lb  5/8  in.  tape 

mm 

MIL-T-5608E  Type  HI 

Radial  tapes 

300  lb  1  in,  tape 

Wm 

MIL-T-61 34A  Type  H 

Ripstop  band 

1500  lb  9/16  in.  tubular 

mm 

web 

D 

MIL- W -56250 

Skirt  band 

1000  lb  1/2  in.  tubular 

web 

!  i 

MIL-W-5625D 

Suspension  lines 

550  lo  braided  cord 

mm 

MIL-C-751 5B  Type  II 

Risers 

10,000  lb  1  3/4  in.  web 

MIL-W-4068D  Type  XIX 

Reefing  line 

1000  lb  braided  cord 

Wm 

MIL-C-751  5B  Type  IV 

Thread  It  Cord 

nylon 

B 

E 

V-T-295  Type  I  CL  1 

F 

#6 

The  prototype  preliminary  design  is  completed  and  presented  for  more 
detailed  analysis  in  Figure  111. 


Hardware 


Reefing  rings:  Use  part  No.  USAF48H799S 
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Line  to  riser  links: 


Proof  test  load  P<r  =  13,000/4  =  3250  lbs 
Pr  =  1.  5  PT  =  4880  lbs 

Use  MS22021-1  speed  link  (if  qualifiable)  for  minimum  weight 
(.  184  lbs),  otherwise  use  AF52B6660  **U"  link. 

Preliminary  weight  estimate 

The  parachute  structure  falls  in  the  medium  weight  category  for  which 
Wp  =  51  lbs  (Figure  53) 

The  probable  pack  weight  is: 

1, 12  Wp  »  57  lbs 

The  pack  volume  for  different  packing  methods  would  be: 


Method 

lb  /in.  3 

- - - — ' — 

Volume  in.  3 

Manual  (hard) 

*016 

3560 

Light  press 

.020 

2850 

Heavy  press 

.024 

2380 
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SPECIFICATION,  TRIP  SELVAGE  CLOTH 

1.  INTRODUCTION 


i.  I  PURPOSE  -  This  Specification  contains  requirements  for  the 
fabrication,  inspection  and  control  of  one  type  of  reinforced 
selvage  for  use  on  parachute  cloths. 

1.  Z  SCOPE  -  This  Specification  shall  bo  used  only  in  conjunction  with 
a  specification  for  parachute  cloth. 

1.  3  APPLICABILITY  -  This  Specification  shall  be  applicable  when 
specified  on  the  Engineering  Drawing,  on  the  Purchase  Order 
or  in  a  Material  Procurement  and  Design  Specification  for 
parachute  cloth. 

1.  3. 1  ADDITIONAL  CALLOUTS  -  In  addition  to  calling  out  this 
basic  specification,  the  following  items  must  also  be 
apecified; 

(a)  A  Specification  for  parachute  cloth 

(b)  The  nominal  width  of  the  parachute  cloth 

(c)  Government  Source  Inspection,  when  applicable 
(P.  O.  only) 

i.  H K FERENC ES  *  The  latest  revision  of  the  following  documents  form  a 
part  of  this  Specification  to  the  extent  specified  herein; 

FEDERAL 


Textile  Test  Methods 

military 


Cloth,  Nylon  Parachute 
Cloth,  Nylon  Parachute 

3.  REQUIREMENTS 


CCC-T-191 


MIL-C-7020 

MlL-C-7350 


3, 1  WIDTH 


3. 1 . 1  NOMINA L  WIDTH  OF  C LOTH  -  The  nominal  width  of  the 
base  parachute  cloth  a 'ail  be  specified  on  the  Engineering 
Drawing  and  shall  be  selected  from  the  list  shown  in  Table  L 
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I 


3. 1.  2  WOVEN  WIDTH  OF  CLOTH  AND  TOLERANCES  -  The 
woven  width  and  allowable  tolerances  lor  the  finished 
'  cloth  with  re  info  reed?  selvage  on  both  edges  shall  be  as 
shown  in  Tabie  L 


TABLE  I:  WIDTH  REQUIREMENTS 


Nominal  Width 

H 

|  Required  Woven  Width  1 

Of  Cloth  Specified 

!  And  Tolerances  l 

(inch) 

1  (inch)  | 

4c 

j  42  1/2  ±  1/2 

36 

36  1/2  ±  1/2 

24 

24  1  /4  ±  1  M 

18 

28  1 /4  ±  1  /4 

3. 1.  3  WIDTH  OF  SELVAQE  -  The  width  of  the  reinforced  area 
of  each  selvage  shall  be  1/1*  1  / 16  inch. 

3. 1  MECHANICAL  PROPERTIES  OF  THE  REINFORCED  SELVAGE 

3.  2,  i  MINIMUM  BREAKING  STRENGTH  -  The  minimum  breaking 
strength  of  each  reinforced  selvage  in  the  warp  direction 
shall  be  as  follows: 

{min)  l.  30 

where; 

(mini  -  Minimum  breaking  strength  of  the 
reinforced  selvage  in  the  Warp 
?  direction  in  pounds  per  selvage. 

i  Breaking  strength  of  the  base  cloth 
in  the  Warp  direction  in  pounds  per  inch. 

3*3  TEAR  RESISTANCE  -  The  resistance  of  the  reinforced  selvage  to 
both  Tearing  and  Weave  separation  shall  be  increased  to  the  great* 
cst  extent  possible  by  suitable  locking  warp  members  in  each  edge. 
The  exact  rondmetmn  shall  be  left  to  the  discretion  of  the  fabrics* 
tor  but  every  effort  should  be  made  to  obtain  maximum  resistance 
for  these  prnt*erties  ahile  remaining  compatible  with  the  other 
requirements  specified  teiein. 


3.4  CONSTRUCTION 


3.4. 1  WEAVE  -  The  weave  used  shall  be  at  the  discretion  of  the 
fabricator  but  shall  be  compatible  with  the  requirements 
shown  herein. 

3.4.  2  DESIGN  -  The  reinforced  selvage  may  be  integrally  woven 

with  the  cloth  or  it  may  be  woven  separately  of  plied  threads 
provided  the  finished  cloth  satisfies  the  requirements  shown 
herein. 

3. 4.  3  MULTIPLE  WIDTH  WEAVES  -  The  1 8  inch  cloth  only  may 
be  woven  in  two  parallel  widths  provided  all  inside,  rein¬ 
forced  selvages  are  effectively  locked  against  fraying  by 
suitable  warp  members. 

3. 4.  3. 1  FILLING  WIDTH  -  The  width  of  the  filling  space 
between  inside  selvages  in  multiple  width  cloth 
shall  be  5/16  *  1/16  inch. 

4.  QUALITY  ASSURANCE  CRITERIA 

4.1  SAMPLING 

4. 1,  1  SAMPLING  FOR  EXAMINATION  -  Sampling  for  Examina¬ 

tion  shall  be  in  accordance  with  MIL-C-7020. 

4.1.  I  SAMPLING  FOR  MECHANICAL  PROPERTY  TESTING  - 

Sampling  for  Mechanical  Property  Testing  shall  be  in 
accordance  with  MIL-C-7Q2G,  Sampling  Plan  B. 

4.2  METHOD  OF  TEST 

4.  2. 1  EXAMINATION  -  Both  Yard-by-Yard  and  Overall  Examina¬ 
tions  shall  be  conducted  on  the  selvages  in  accordance  with 
I4IL.-C-7020, 

4.  2.  2  MECHANICAL  PROPERTY  TEST  -  The  Breaking  Strength 
of  the  selvage  alone  shall  be  determined  in  accordance  with 
CCC-T-191.  Method  51 04.  1  with  the  following  exceptions: 

(a)  The  original  specimen  shall  be  approximately  3/4 

inch  wide,  6  inch  minimum  length,  and  shall  include 
the  selvage  plus  approximately  1  / 4  inch  of  the  base 
cloth.  It  shall  be  taken  in  the  warp  direction. 
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(b)  The  warp  threads  of  the  base  cloth  shall  be  removed 
by  raveling  until  only  the  actual  selvage  remains. 


(c)  [The  remaining  selvage  shall  be  used  as  the  test 
[specimen. 

(d)  The  selvage  breaking  strength  value  shall  be  reported 
in  pounds  (per  each  selvage). 


4.3  ACCEPTANCE  CRITERIA 


4.  3.  1  EXAMINATION 


4.  3.  ! .  li  DEFINITIONS  OF  DEFECTS  -  Defects  shall  be 
I  as  defined  in  FED -STD-4, 

4.  3.  \,i\  CIASSIFICATION.  FXACGING  AND  ACCEPT- 
\  ABLE  QUALITY  LEVELS  FOR  DEFECTS  -  The 
classification,  flagging  and  acceptable  quality 
levels  shall  be  in  accordance  with  MIL-C-7020 
and.  in  addition,  the  defects  shown  in  Table  II 
shall  be  classified  as  shown  and  full  allowance 
given  for  each  m  determining  acceptable  quality 
level#. 


TABLE  II  ADDITIONAL  CLASSIFICATION  OF  DEFECTS 


MAJOR  DEFECTS 


Multiple  Floats  over  1  /#’* 
square. 


Stringy  Selvage  showing 
separation  or  looseness. 


Loops  in  Selvage  extending  in 
excess  of  the  1/16  inch. 


Fussy  selvage  indicating 
frayed  or  broken  warp  nr  nil 
threads. 


MINOR  DEFECTS 

Lo,:py  or  Stringy  Selvage  projec- 
*i»g  up  to  1/16  inch 

Selvage  in  which  the  scallops 
cannot  be  pulled  smooth  under  a 
tension  applied  to  the  adjoining 
fabric,  equal  to  or  less  than  3%  of 
the  «v»ii-.inal  strength  of  the  fabric. 


Tight  Selvage  in  which  the  fullness 
»n  the  adjoining  fabric  cannot  be 
pulled  smooth  under  a  tension  ap¬ 
plied  to  the  selvage,  equal  to  or  less! 
than  Sh4*  t-f  the  nominal  strength  of  j 
the  selvage.  j 


4.  3.  1 .  3  ALLOWANCE  FOR  DEFECTS  -  An  allowance  of 
1/2  yard  shall  be  added  for  each  major  defect. 

4.  3.  2  MECHANICAL  PROPERTY  -  The  minimum  Breaking 
Strength  ot  the  selvage  shall  be  shown  in  Section  3.  2. 

4.  4  CERTIFICATION  AND  TEST  REPORTS  -  A  statement  of  con¬ 
formance  to  this  Specification  and  a  report  on  the  Examination 
shall  be  included  in  the  Certificate  of  Conformance  and  Test 
Report  for  the  base  cloth. 

4.  5  ACCEPTANCE  -  Acceptance  or  approval  of  material  in  the  course 
of  fabrication  shall  in  no  case  be  construed  as  a  guarantee  of  the 
acceptance  of  the  finished  product. 

4.  6  QUALITY  CONTROL  OPTION  -  Quality  Control  shall  have  the 
option  of  requiring  the  reinspection  of  the  product,  regardless 
of  prior  inspections. 

4.  7  REJECTION  -  Material  not  conforming  to  the  requirements 

of  this  Specification  is  subject  to  rejection. 

4.  7.  1  RESUBMITTAL  OF  REJECTED  MATERIAL  -  Rejected 
material  shall  not  be  resubmittal  for  approval  without 
furnishing  full  particulars  concerning  the  previous  re- 
jection(s)  and  the  measures  taken  to  overcome  and/or 
eliminate  the  defects. 

PROCUREMENT  CRITERIA 

5. 1  GOVERNMENT  SOURCE  INSPECTION  -  The  Purchase  Order  shall 
specify  Government  Source  Inspection  when  required. 

5.  2  PACKAGING,  PACKING  AND  MARKING  -  The  Packaging,  Packing 

and  Marking  shall  conform  to  the  requirements  of  the  applicable 
specification  for  the  base  cloth. 
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APPENDIX  E 


RINOSAIL  PARACHUTE  DESIGN  COMPUTES  PROGRAM  WG  176A-10 

This  Appendix  presents  *  computer  printout  of  the  Ring  sail  deeign  program, 
WG  176A-10  referenced  in  Section  5,  page  136.  Included  on  the  bottom  of 
page  358  and  ail  of  page  359  is  sample  input  data  to  aid  the  user. 


PROGRAM  TD  DESIGN  RINGSAIL  PARACHUTES 
*EALUJi 


CONNOW/COATA/CDOXISQI, 00X150 1, ICD 
C0MN0N/RGTBL/PSVRI50),PRSL!50I,!PD 
COMMON/CNTRL/VCBl 150) ,CTRL< 1001, TlTLE(lg) 

COHWN/FUt O'At/HHR  ( 90  i  ,  XKA f  50  )  ,  XKB  i  50  J  » 1 F0 

COMNON/$AILS/XAI5O»,XBt5O>,XABt50I,XAftVmi,SAUIGTC5O! 

C0HHON/REA0AT/CDS,OSUBP,PZl,SLST«CP0«XN0,XK 

1  # XLS,XLR,DV,  XHR ,  SALNO,  SEAMtVLNQ 

2  «CRANS»CC0EF«CK0EF*GRC0E»RLC0trf  PESLO,  XNNBR 

3_  ,SLW,LtW,SBH,VfiW,RTW,R<,W,VLW  _ _ __ 

A  , CR  NP0R , GEOPOR , T  OT  PGR , CL  HPQR , VNTP0R , X l XNU 

C0WH0W/5DATA/SPC ( 50 1  *  SL AR A , XHT , XHV, NMBR , XXC  0E  *  AMR AD, SlTAR ( 50 1 
COMMON/SPI H/XYVI2, 50 » j_XVCA 1 50 >,XY C 8(50) .X YC 1 2 , 50»_j  XVH ( S0I,XVAf50» . 

1  XVP(50i,XINU,XAREA,VAREA,IS150»,RMTOPi50»,RWBfJ7(50),fi:r5e)^ 

2  PRCRN.PRGOR,PRCLTH,PR0TO,ASAIL,AR(50l,S0 
OTHFNS  ipN  ROCHKf  351  ,ST0RDO5l_,  IXXXU0I  tADAl  35J 
EQUIVALENCE  f  RDCHK III* CDS ) 

DOUBLE  PRECISION  ENDATA*gNDTST,VCB, TITLE, ADA 
OAT A  EN0AT A/ 9  ENDATA  *  t 

READ  PROGRAM  VOCABULARY  DATA 


JJ 

KK 

vcaTi » 

SPACES 


DESCRIPTION 
STARTING  NUMBER 
NUMBER 

ADDITIONAL  VOCABULARY  WORDS 
IN  GROUPS  OF  SIX  LETTERS  OR 
NINE  WORDS  OF  SIX  LETTERS  MAXIMUM 
AS  REQUIRED*  WIThTATT  (TARO  jSFTOLTSW 
MUST  CONTAIN  153 
COLS  XX  -  16  MUST  CONTAIN  THE  LETTERS  •ENDATA^ 

VOCABULARY  DATA  AS  USED  IN  PROGRAM  W617& 

CANOPY  ARE A  DRAG  ASEA  NlT«T  OF~60RfSL/CH(JT 
RIGGINS  LGTHUNE  LENGTH  RISER  LEW6THGORE  L 
VENT  RADIUS  VENT  OIA,  OVL AM8DA JSU8  C  SUB  G 
AREA  M  SUB  R  7  0  FEET*  SQ.FT, INC NESPOUNDS 
TOtAL  area 


DIAMETER 


NO.  OF 


.'.AfVi  i\>  <VA* 


r-'sooor*  oor»r>~5'->or>'~4rv  or%r>r>~>r*ooo 


Cl  501.50 
f. 


FNOATA 


5  READ(5  »303 1 JJ*KE  t  ( VCGi L 1  «L® JJ*KK) 

I«=jVCa(JJ»aNIE,ENOATA)GU  TO  5  -'  ! 

.  '  i.  i 

READ  PARAMETRIC  COO  DATA 
COLS  DESCRIPTION 

I  -  10  VALUE  OF  COO  COOX (II 

U  -  20  VALUE  OF  CORRESPONDING  0  SUB  0  ,  DOXII'I 

USE  AS  MANY  CAROS  AS  REQUIRED  L50  MAX?" 

LAST  DATA  CARD  TO  BE  FOLLOWED  BY  CARD  KITH  2NDAT&  IN  COLS  75  -  80 


1=0 

10  ?*I  +  l 

READ(5»302iC0nX<  n.DOXm.ENDTST 

oox«  n=ooxn  1*12*0  •  i 

IPfENBTST.NE.ENOATAIGO  TO  ,10 
ICO*  t-\ 

READ  PARAMETRIC  CDO  MOO  VS  LINE  LENGTH  DATA 


i  ' 


COLS  DESCRIPTION 

I  -  10  PERCENTAGE  VARIATION  PRODUCED  IN  CDO  1  PSVRWI 

II  -  20  PERCENTAGE  VARIANCE  FROM  OPTIMUM  PRSL(II 

RIGGING  LENGTH  ’  i 

LAST  DATA  CARD  TO  BE  FOLIOWEO  BY  CARD  WITH  ENDATA  IN  COLS  7?  -  80 
USE  AS  MANY  CAROS  AS  REQUIRED  (50  MAX) 

■i  .  !  i  !  ■  ; 

T  *0 

i  2  I  "=  T  ♦  1  ■ 

PEAD(5*3G2)PSVR(I )*PR$L(T?» EKDTST  ; 

-  I F ( ENDTST# NE» ENOATA ISO  TO  12 

TPD=I-1  '  i 

READ  FULLNESS  DISTRIBUTION  ' 1  ,  i 


COLS  DESCRIPTION 

l  -  10  VALUE  OF  THE  PATIO 

11  -  20  VALUE  OF  KA 

21-30  VALUE  OF  MB 


H/HR 


HHR(I) 
XKA(I) 
XKB( I ) 


USE  AS  MANY  CARDS  A5  REQUIRED  (50  MAX) 

(AST  DATA  CAPO  TO  BE  FOLLOWED  BY  CARD  WITH  ENDATA  IN. COLS  75 

T*0  •  , 

14  1=1+1  i 

PFAP(  5  *  306  )  HHR  ( I  ?  «,XKA  ( I )  *  XKB(  1 1  *  ENDTST  ! 
IFlENOTST.NE.EfJOATAIGO  TO  14 

IFD=I-1  ,  11 

READ  INPUT  DATA 


80 
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or,  no  n -nonp  oo~ir>r*ocir>c->o<->oc*  oo-*ioo  ^ir>ooor>.or»  -  o  Oi.n  orvaoio  nr* 


i 


i 


i 


i 


BATA  CARO  HO  1  , 

COtS  OESCR IPTION 

1  T2  TITLF  TO  APPEAR  ON  DATA  ,  TITLE (IS^ 

80  1  CARD  SEQUENCE  NUMBER  .  MUST  CONTAIN  X  tXXXtll 

9  ReAD<5,300MmLE(JI,J*l,l2)*IXXXll> 

InTtIaXiYe  SAIL  MATERIAL  WEIGHT* 

00  9  J«J*50 _ 

9  SAiWGTIJ 1*6*0  ...  1 

I 

BATA  CARO  NO  2  '  , 

i  ' 


COLUMNS 

DESCRIPTION 

1  -  .10 

CDS  OF  PARACHUTE 

(SQ  FTI 

■  COS 

n-  20  ' 

DIANETER  OF  PARACHUTE 

(FEET  I 

DSUBO 

a-  30 

DESIGN  LOAD 

(L8S) 

OIL 

3l-  40 

ADJUSTED  SUSPENSION  LINE  STREN6TH 

(LBSI 

SLST 

41-  50 

DRAG  COEFFICIENT 

COD 

51-  60 

NUMBER  OF  GORES 

XNO 

6\-  TO 

WIDTH  OF  SAIL  MATERIAL 

(INCHES! 

XH 

80 

CAPO  SEQUENCE  NUMBER  *  MUST  CONTAIN 

.  2  , 

ixxxm 

REAO(3«304!COS«DSUBQ*OEL*SLST«CPO*XNO*XH»lXXXm 


OATA  CARO  NO  3  , 


COLS 

1  -  10 

DESCRIPTION 
SUSPENSION  LINE  LENGTH 

(FEET!  ! 

XLS 

11-  20 

RISER  LENGTH 

(INCHES! 

XLR 

21-  30 

VENT  DIAMETER 

(INCHES! 

DV 

31-  40 

GORE  LENGTH 

UNtHES! 

XHR 

41-  50 

NUMBER  OF  SAILS 

. 

SALNO 

51-  60 

WIDTH  OF  SAIL  MATERIAL 

REQUIRED  FOR  SEAM  (INCHES! 

SEAM 

61-  TO 

80 

NUMBER  OF  VENT  LINES 
CARO  SEQUENCE  NUMBER,* 

MUST  CONTAIN  ,  3  • 

VLNp 

I XXX (I! 

REAMS. 

30,4!  XLS*  XL  R*DV*  XHR  *  SAL NO* 

SEAM* VI NO* (XXXI 3!  . 

. 

i  i 


OATA  CARO  NO  4 

1  ,  i 

COLS  DESCRIPTION  . 

1-10  CROWN  ANGLE  ~  i  f DEGREES  I  CRANG 


11-  20  i  COEFFICIENT  ANGLE  FOR  GORE  WIDTH  (DEGREES!  CCOEF 

21-  30  COEFFICIENT  FOR  GORE  WIDTH  C  CKOEF 

'  31-  40  GORE  LENGT,H  COEFFICIENT  '  ,  '  :  GRCOE 

41-  30  RIGGING  COEFFICIENT  P.LC0E 


51-  AO  PERCENTAGE  OF  G0R£  LENGTH  WITHOUT  SLOTS  (PERCENT I  PESLO 


I 


S>  A*.  ■ 


,1 


rxvioonotnnnnnnnrxiort  monnnnnnrvo  nn^n^nritionnnn  o  -s  n 


61-  70  NUMBER  OF  SLOTS  XNMBR 

BO  CARO  SEQUENCE  NUMBER  ,  MUST  CONTAIN  4  IXXXUI 

READ! 5,304 tCRANG»CCOEF*CKOEFfGRCOE«RLCOE»PESLO»  XNMBR 1 1 XXX C 41 


OATA  CARO  NO  5 


COLS 

1  -  10 

DESCRIPTION 

WEIGHT  OF  SAIL  MATERIAL 

ILBS/SQ  FT1 

SLW 

U-  20 

SUSPENSION  LINE  WEIGHT 

ILBS/FT1 

UW 

21-  30 

SKIRT  BAND  WEIGHT 

UBS/FT) 

SBW 

31-  40 

VENT  BAND  WEIGHT 

(LBS/FTI 

VBW 

41-  50 

RADIAL  TAPE  WEIGHT 

(LBS/FT) 

RTW 

51-  60 

RISER  WEIGHT 

<  LBS/FTI 

RSW 

61-  70 

VENT  LINE  WEIGHT 

I  LBS/FT  1 

VLW 

80 

CARD  SEQUENCE  NUMBER  .  MUST 

CONTAIN  5 

IXXXUI 

READ* 5, 304 1 SLW.LL W, SBW, VBW.RTW,R$W,VLW, IXXX C 5 1 


OATA  CARO  NO  6 

COLS  OESCRI»TtON 

1  -  50  INFORMATION  RELATIVE  TO  SAIL  REINFORCEMENT  ISC  II 

COLUMN  NUMBER  CORRESPONDS  TO  SAIL  NO, 

IF  COLUMN  BLANK  -  NO  RFINFORC ING 
IF  1  IN  COLUMN  -  REINFORCED  TOP  ONLY 
IF  2  IN  COLUMN  -  REINFORCED  TOP  AND  BOTTOM 
BO  CARO  SEQUENCE  NUMBER  ,  MUST  CONTAIN  6  IXXXCII 

REA0C5,32llUSCJI,J*l,50I,IXXXC6l 

OATA  CARO  NO  7 


COLS  DESCRIPTION 

1-50  INFORMATION  RELATIVE  TO  REINFORCING  TAPE  WEIGHT 
COLUMN  NUMBER  CORRESPONDS  TO  SAIL  NO, 

IF  COLUMN  BLANK  -  THIS  WEIGHT  TAPE  NOT  USED  ON 

SAIL 

IF  1  IN  COLUMN  -  THIS  WEIGHT  BOTH  TOP  AND  BOTTOM 

IF  2  IN  COLUMN  -  THIS  WEIGHT  TOP 

tF  3  IN  COLUMN  -  THIS  WEIGHT  BOTTOM 

51-  60  WEIGHT  OF  REINFORCING  TAPE  CLBS/FOOTI 

70  IF  THIS  IS  THE  LAST  REINFORCING  TAPE  CARO  PUT  A  2 
IN  THIS  COLUMN 

DATA  CAROS  7 A  THRU  7CN»  N  *  NUMBER  OP  CAROS  REQUIRED 

SAME  AS  CARO  NO  7  NOTE  A  2  IN  COLUMN  70  OF  THE 

LAST  CARO  ONLY 

80  CAPO  SEQUENCE  NUMBER  *  MUST  CONTAIN  7  IXXXIII 


15  P(fA0(5,322MIX(JI,J*l,501»RFTW,KTEST»IXXX(7l 
on  ii5o  j» t , so 
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cv  *>  r>  n  r»  n  r>  r>  o  r.  r->  o  n  r>r»oloor>lr>riO 


IFf JXf  J!»E0o0  f GO  TO  1150 
IFffXt J|.E0.2>RWTOP<J»*RFTW/12*0 
IH 1J  i  Al^gfttZLSO  mjJ5Q 
fFUXUl.EQ.3!60  TO  U49 
RWTOPtJJ-RFTW/U.O 

1149  SWBOTt Jl»RFTW/12.0 

1150  CONTINUE 
IFCKTEST.EO.OJGO  TO  15 

C 

C  DATA  CARO  NO  ft 

C 


£  COLS  .  DESCRIPTION 


c 

1-10 

OESIRED  CROWN  POROSITY 

t  PERCENT! 

CRNPOR 

C 

n-  20 

DESIRED  GEOMETRIC  POROSITY 

< PERCENT 

6E0POR 

c 

21-  30 

DESIRED  TOTAL  POROSITY 

I  PERCENT! 

TOTPOR 

C 

31-  40 

POROSITY  OF  SAIL  CLOTH 

< PERCENT  J 

CL HPOR 

c 

41-  50 

POROSITY  OF  VENT 

I  PERCENT! 

VNTPOR 

£. 

c 

5.L-60 

80 

NUMBER  OF  RISERS 

CARO  SEQUENCE  NUMBER  .  MUST  CONTAIN 

8 

IIXMU 

ixxxm 

R£AO(5«3Q4tCRNPOR,GE 0  POR  ,  T  QT  PQR  t  CL  HPOR  t VNTPQR  t X I X  MU . QUN  « I XXX (8 1 


DATA  CARO  NO  <? 

COLS  DESCRIPTION 

1-50  INFORMATION  RELATING  TO  sail  MATERIAL  AND  SAIL  NUMBER 
COLUMN  NUMBER  CORRESPONDS  TO  SAIL  NUMBER 
IF  COLUMN  "IS  BLANK  -  STANDARD  SAIL  MATERIAL  MILL  BE  USED 
IF  •  l  »  THIS  HEIGHT  MATERIAL  WILL  BE  USED 

51  -  60  WEIGHT  OF  SAR  CLOTH  TO  BE  USED _ 

70  IP  THIS  IS  THE  LAST  SPECIAL  WEIGHT  PUT  *1*  IN  THIS  COL 
DATA  CAROS  9A  THRU  9<N»  N-NUMBER  OF  CARDS  REQUIRED 

SAME  AS  CARD  9  NOTE  A  II N  COLUMN  70  OF  LAST  CARO  ONLY 

1115  READt 5,322! (IX <JJ,J*1,50! ,SPSWTtKTEST,I XXXI 9) 

00  1116  J*t » 50 
I  Ft  IX I  J!.EQ.O»GO  TO  U16 
SALH6T { J 1»$PSWT/144.0 

1116  CONTINUE 
tF(KTEST.EG.n»60  IU5 

RE  AO. .OAT  A  CARO  NO  10 

rots  data 

!  -  10  0IMENS10N  DOWN  TO  FIRST  SAIL 

n  -  jo  height  of  top  sa'il 
21  -  25  slot  DIMENSIONS  SLOT  NO  l 
?6-30  2 

31-35  3 

36-40  4 

45-45  5 


SYMBOL 

XHV 

XHT 

spcm 
SPCC2I 
SPC 131 
SPCt4> 
SPC <51 


o  r>  o  o  o  r>  r>  o  r>  n  r»  r>  nanaonri 


46  -  *50  6 
5)  -  5?  ? 
56  -  60  8 
61  -  65  9 
66  -  70  10 
71  -  75  11 


79  -  SO  CARO  SEQUENCE  NO.  MUST  BE  10 


SRC (6) 
SRC (71 
SPC (81 
SRC  I  91 
SPC(IO) 
SPCUll 
IXXXtlOl 


REAn(5,B361XHV,XHT,(5RCm  .  I *1 .1 U » I XXXl 1 01 
336  FORMAT ( 2F10.0. 11F  5.0. 3X« I  2) 

CHECK  CAROS  FOR  COMPLETENESS  AND  ORDER 


nn  1151  1*1.10 
iFUxxxm.NE.nr.n  to  1152 
list  CONTINUE 
00  TO  1170 

WRfTE  ERROR  MESSAOE  R6GARD1NO  INPUT  DATA 


1152  WRITE (6.323) I 
CALL  EXIT 

INITIALIZE  CONTROL  DATA 


1170  00  16  1*1.100 
16  CTRL  III *0.0 

CONVERT  DATA  TO  PROPER  UNITS 

XXSLT-0.0 
00  2115  T*l .11 

xxslt»xxslt>srci  1 1 

2115  CONTINUE 

TE<XXSLT.NE.O.O»CTRL195»*2.0 
C0S*C0S*144.0 
OSUBO«OSURO*l?.0 
XtS*XLS*12.0 
CRAN0=CRANG7. 917453 

CC0EF*CC0FF4.017443 

SLW*SL W/144.0 

LLW»LL  W/l  2.0 

SBW*SRW/12.0 

VRW*VRW/12.0 

RTW»°TW/12.0 

RSV*RSW/12.0 

VLW-V1W/12.0 

CRNPOReCRNPOR/lOO.O 

GEOPOR  *C»E0C0R/100«0 

TOTP’IRxTOTPORZlOO.O 

clhpo»*clmpor/ioo.o 

vntpor-vntpor/ioo.o 


o~*r>  nr»r»  nnn  onn 


’EStO‘PvSLO/100.0 

TXMU*XIXMU 

£  . .  .  .....  . . .  . 

C  IiftTI*U?E  S?4N0A*n  mues 
l 

oo.  :r? 

S\  Sr0RDH)>0»C 

STORDCM-36.0 
SrORDI5)»_1A.O 
ST0«0(  ’3  Ml.  6 
5 TOR 0(1 5 1 ».  26180 
STORIH  161**44248 
$thl»h(i7)*6*44 
STDRH( 181*.  523 
STDPOI  141*1.15 
STOP  0<  20  MO.  5 
STORDI  24M.02 
$TDPOi33»».O03 

CHFCK  FOR  SPECIFICATION  INPUT  SET  CONTROLS 
00  U00  t«l.34 

!FCR0CHK(n,F0.0.0)CTRl(n-1.0 
!F(CTRim.E0.O,0)G0  TO  i  100 
iF(STORon».NE.o.oic'mm-6.6 
ROC MK(  IMSTOROMI 
nop  CONTINUE 

CHECK  REINFORCING  TAPE  DATA 
no  1053  J-1,50 

IF  I  ( IS  ( J  1.  EO.  1 1 .  AND.  I RWTOPf  J1 .EQ. 0.0 1 )G0  T3  1054 
IF H I? ( .F0.2I • ANO. I (RMTQPI J) .EO.O.Ot *  OS. f  AMBIT ( J I.EO.O.OH 160  TO 
l  1054 

051  CONTINUE 
GO  TO  1055 
054  CTRLI34U1.0 

MR  ITF  »Nf»ir  INTOR  ««'  !  •)« 

055  CAU  !*»l»AfA 


OF  H'>- IN'  >  *  CMl>rE  CAN  Hr  Ol  SIGN£0 
IMtpfAl  IlMCTRI.dll.LTiE.plGn  Tn  44 

wt*ne  fp*o«  niTPur  ir  chute  cannot  bf  oesigneo 

U13  WRITt  in.  Ml  It  JlUFt  sit  •  J*l «12l 
WRITE  1 4*  3051 
CAU  EXIT 


324 


c 

C  CHECK  FOR  cos  provision 

c 

04  MR  ITF 16.330 1 

340  F0RHATI23H1  CHUTE  CAN  BE  DESIGNEO) 

IF (CTRL t 2I.EQ.0. OlGO  TO  18 
C 

C  CALCULATE  SO  COO  OSUBO  WHEN  COS  IS  GIVEN 

C 

CALL  SOCAL  (SO.  01 
GO  TO  20 
C 

C  CALSULATE  SO  COO  COS  WHEN  DSU60  GIVEN 

C 

18  $0»3.Ul6*0SUR0**2/4.0 
CALL  SOCAL ( SO# 21 
MRITF(6.331 IOSUBOtCDS.SO.COO 
331  F0PNATU4M0  SOCAL  CALLE0.4E12.3) 

20  I  Ft CTRL ( 81 • EQ. 0.0  I GO  TO  1021 
C 

C  SUSPENSION  LINE  LENGTH  LENGTH  NOT  PROVIDED  CALCULATE  RIGGING 
C  LENGTH 

C 

*L"RLC0F*0SU40 
CTRL  181-0.0 
GO  TO  21 

1021  U-XLSmR 

C 

C  IF  GORE  LENGTH  UNSPECIFIED  CALCULATE  GORE  LENGTH 

C 

21  XIS-XL-XLR 
rTRLtORI-XL 

fFtCTRLIll I.EO.O.OSGQ  TO  22 
XMA-G*C0E*t)SU80 
C 

C  SET  BOTTOM  UNIT  ON  GORES 

C 

>2  lONU-.T6*0SU80/12,0 
r 

C  SET  TOP  LIMIT  ON  GORES 

C 

tHNU«.ftft*DSU80/12.0 

C 

C  OFTfQNlNE  NU.n^ER  OF  RISERS 

C 

1-0 

IFttXNU.KE.OIGO  TO  2222 
1VHU-4.C 

IFtlONU.LT.301  1XMIJ-? 

»EtL0NU,GT,601  IXN'J-5 
IFtLONU.GT.iOlfXNu-8 


330 


2222  VIMUalXDU 
C 

£  S£J  GO*E  NUP3ER  BY  STANDARD  SET 
C 

C  IF  W  Of  GORES  UNSPECIFIED  CALCULATE  NO 

£ 

IFICTRL (6)aEQaOaOIGO  TO  2023 

23  1XNU 

IF  III  .GT.LONlJ).  AND.  1 I aLTa  tHNUI }G0  TO  24 
GO  TO  23 
C 

£  DETERMINE  IF  GORES  CALCULATED  FROM  LOAOS 
C 

24  XNO*  I 

VFHCTRLm*CTRLUI)aNEa0a0»CTRL<34!«l«0 
!FVCT*L<34I.F0.1.0»GO  TO  1125 
C 

C  IF  LOADS  PROVIDED  CALCULATE  MINIMUM  LINES 
C 

XXN0*f0ZL/SLST)*la9 
IXVNO*  |NT| XXMOt+1 
1*0 


r  IF  LOAD  PROVIDEO  DETERMINE  NO  OF  GORES 

C 

124  1-UtXHO 

tFII.LT.IXXNOIGQ  TO  124 
XNO*  I 

GO  TO  1123 
C 

C  CHECK  IF  NO  OF  GORES  IS  CQNPATAM.E 

c 


tQH  XXNO*XNO/XTHU 

IFI IAINTI XXN0|~XXNQ|a£QaQa0t60  TO  1125 
WRITEI6. 20241 

2024  F0RMATI31H  REQUESTED  GORES  INCOMPATAOLE  TARING  ALTERNATE# OUTE I 
60  TO  23 

1123  NRITf |ft«33>IXNO,X|NU.XHP. 

332  FORMAT 1 22HO  GORES  AND  RISERS  SEU3E12.3I 
C 

C  CHECK  IF  NO  OF  SAILS  PROVIDED 

c 

IFICTRL 1 121*80,1*0160  TO  25 
C 

f  IF  GORE  DATA  GIVEN  OVPASS  SAIL  NO  CHECK 
C 


1FICTRLIV51 *£0*2* 01 GO  TO  25 
C 

f  IF  SAILS  PPOVtDEO  CHECK  IF  NUMRER  CG**PATA6LE 
€ 

IFI  SAlNO*XM*GT * XHR I GO  TO  1126 


XXXYX«XHR-SALNO*XH 

VYVXV«CK06F*C  XHR/XNOl ♦SINlXXXYXPCCOEF/XHR  J 
XXXX«XXXYX*VYYXYm.O*SOJ 
IFIXXXX  .LT.GEOPORIGO  TO  25 

C 

r.  WRITE  ERROR  STATEMENT  regarding  SAJIS 

c 

1125  WRITE  1 6* 301 1 TITLE 
WRITE I6«32AI 
CALL  EXIT 

C  DETERMINE  SAIL  CONFIGURATION  UP  TO  START  OF  SLOTS 
C 

C  ESTABLISH  CONSTANTS 

C 

25  !«0 

XXCOE*CKOEF*tXMV /XNOI 
anrao>ccoef  /XHR 

Y*XHR 

vstop»xmr-*fslo*xmr 

IF(rTRUR5».E0.2«OIVSTOP-XHB-«5ALNO«UNMBR%,5H*XH 
DEL Y*XH 
>A  I » ! *1 

C 

c  DETERMINE  POSITION  of  bottom  of  sail 

c 

XVVU.  n»Y 

t 

r  determine  gore  width  at  bottom  of  sail 

c 

f  Cf  «  X  XC OE • $  I N I ¥• ANR  AO I 

mn.t  »«ccc 
c 

f  DETERMINE  FULLNESS  CONSTANT 

f, 

CNSV«V/XHR 

CALL  XSf TICNST.XLK8.H 

c 

C  DETERMINE  FRff  SAIL  hot  ton  dimension 

c 

XVCHII »«XXK8*CCC 

t 

c  DETERMINE  sail  bottom  CONSTRUCTION  OIMFNSIIN 

c 

XBIT»-YVCB< t**$F4M 
f 


r 

t 

r. 

c 

c 


SFT  S4H  HPIGHT 
XVHI  n»OELV 

DETERMINE  POSITION  O*  TOP  OF  SAti 


\ 


V-V-OELV  . 

xvri2,ii-v  1 

— £ _ 

C  OETEANINE  GOAE  WIDTH  AT  TOT  OP  SAIL 

C 

_ eCC»XXCOg>SIN<V»AMUPt _ i _ 

XVCI2* ! I»CCC 

c 

--C _ -D£.tebk|ME  -FVlLWgss  constant _ 

c 

CNST-VfXHft 

_ _ CAL t  KSETf CHST«XXKA«2I _ 

C 

C  OETEANINE  FACE  SAIL  TOP  OIHEMSIOH 

XVCAt  !  I-XXKA*CCC  ‘  — 

c 

_JC _ DPTEAHINE  SAIL  TOP  CONSTRUCTION  PENSION _ 

C 

XA( I I ■ XVCAt I I ♦SEAN 

C  CHECK  FOR  END  OF  NOSLOTAEIGON 

C 

_ LEiy*GT*ySTO?!ilO  TO. *6 .  . . _ . . . . 

C 

c  set  number  op  sails  without  slots 

C  „  _  __  '  _ _ 

SAINO*! 

WAITElA.miSALNO 

_ sails  w!T^t^iiis?j,iiTiiii*ji . _ 

c 

c  OCTEBNINE  POROSITY  IHPO 

““  CAtt  S LOCAL 

W»lT(F<A.m»ASAU 

_ FORMAT  I  ?SHO  VENTILATIOHJI^TIO  SET*€|?.5J _ _ 

r 

C  CHECK  if  WEIGHT  CAN  fiE  DETERMINED 

“  !F«CTRU?5».eO.O.O»GO'TOli#A 
VIW-LLU 

_  Ct*H2T»«0,0  _ 

11(14  IFICTBLU4I.EO.O.OIGO  TO  U»S 
VL WO»XNO/?*0 

cTPifi*;«n,o  _ _ _ 

“"  it AT  00  AT 

§S  CTRUTS»«CTAH JSI*CTALMJ» 

_  CTRL  <  3SI»C  TRt 1 T5I*CT*LI 561 

IFICTftUTSI.ME.O.OI  GO  TO  IDEA 
C 

C  IF  SUFFICIENT  HEIGHT  DATA  CALCULATE  CHUTE  WEIGHT 


c 

CALL  WFTtlMTIWGT! 

CTSLI90I-WGT 
60  TO  a* 

10*4  WRTTEt&*301ITlTlf 
WRITE(6,125I 
C 

C  CALCULATE  CHUTE  PCROSITY 

C 

84  CALL  POP $  I T 1 2 1 
C 

C  WRTVE  OUTPUT 

C 

CALL  OIJYRIT 

700  F0PMATt1?A6»7X.ll I 
401  PnPHAtnHl.24X.12AM 
i>02  FflPMATIZFlO.O.^X.AM 
203  Fn»MATnx.?nt4X,10A6k 

404  FOfiMATtYPlO.O.PX, m 

405  PnPMAYUAMO  tNSUFFiftFNT  DATA  PROVIDED  TO  DESIGN  CHUTE! 

10*  FORMAT! IFlO.O.AAX.Afct 

107  FOPMATUMO.24X.12AM 

704  F0PM4rtlH1.4?x,4SHP.  1  N  G  SAIL  CHUTE  DESIGN! 
309  FORNATnx.lAMF!Or1,lX.AM12X.3A&.F10,3.lX,A6.i2*.3A6.Fl0.3tlX*A6t 
3tO  FORMATIIM  1 

VP  pr»l»M*Tt4lM  CHECK  ON  ARE  t  ANO  0!A.  FROM  SAIL  SUMHAT  5  QNl 

31?  FOPMATt |H0.43*.42«G  ORf  AND  SAIL  OESIGN) 

Ml  FORMAT t  A*H0SAII  DISTANCE  SAIL  WIDTH  SAIL  WIDTH  GORE  WIDTH 

1  HEIGHT  FRgF  SAIL  AREA! 

314  FORMAT f  Qp«  N )«  FROM  APEX  LESS  SEAN  AT  SAIL 

1  OF  SAIi  St?,  I*.  PERCENT  SO! 

315  pnftMAUMto 

1|4  FORMAT f  t x«  J  2, 50* , RF | ? . % » 

11?  F ns«4TltM  RrTT0M.4M2.il 

II  •  FORMAT  J  KDX,  IpUf/iNT  tWUFOl  n 

419  t GPM AT  1 1 OWO SLOT  NO.  » t 3 .4 ?* * ?F » 2. ?! 

120  FORMA  M26HW*\YU  AT  ION  CRESCENT  SLOT  .51X.2F12.31 

4?1  »-n«MArt40!l»?9y,  tM 

72?  FORMAT  ( SOI  1  »*1  D»  1 «  9* .  IU'HiIH 

1?3  FORMAT f  14H  pAtx  rsco  MISSING  OR  Oil?  OF  OP 9$ 8 ,lt,  12 1 
3»*  FORMAT f ? ?hO ! "iPi-'Oiv* ^  v>  OF  SAKS  GIVEN! 

*?4  FnRMATf4?M0iN4UFr icttNT  OATA  TO  PROVIDE  CHUTE  WEIGHT! 

C 

C  r.tOSSAOv  Jwr.lNf  T %  ilSfO  IN  PBOOfAM  WCU4 


c 

c 

c 

e 

c 

c 


A«vAtt  Vf  *  T  1  {  ATI  ON  APE  A  OF  LOWER  SAILS 

rcr  Do»f  iitoTM  o  point  pj  question 

ffOfP  -  rnrr»tC!FN'  ANGLE  F(l»  OgTERMININl  €  NOMINALLY  »$4  OEG 
TOO  -  rSTAKltSwffl  DRAG  COEFFICIENT  .SF 

rnoxtn  -  roo  oat*  pj  tup  rn  vs  no  taav?' 

CDS  -  DfSIYfO  DRAG  AttfA  OF  *'  &R  A '  st«?f  INCHES 


ii  4 


jf 

f 


CKOFF 

f.NST 

CRANG 

CRNPQR 

ctpliii 

OATl 

OAT2 

DATA 

del  v 
OlOTST 

nox  f i » 

nsuno 

dv 

071 

FNDATA 

ENDTST 

FPTW 

GEOPOR 

RPC  HE 

RSI  A 

MHPH1 

MT 

t 

ten 

|FR 

IHNU 

IPO 

ISTP 

ISNO 

isn  i 

ixxno 

T  X*U 
f  XXXI  |  } 
IXtll 
.1 

JJ 

If 

Kf 

KN** 

ktcst 

MW 
1 0*11 
nmfb 

N  t\ 
pcrso 
«>rsi  o 
orso 

ppr<  fw 

Bs^on 

pRGOfe 

P»OT0 


-  COEFFICIENT  FOR  DETERMINING  C  N0MINAtLY«6.44 
CONSTANT  FOR  FINDING  FULLNESS  COEFFICIENT 

-  CROWN  ANRLF  NOMINALLY  *  IS  DEGREES 

-  CROWN  POROSITY  DESIRED 

-  CONTROL  NUMBERS  AND  LOGIC  DATA  ISEE  ASSIGNMENTS) 

OUTPUT  DATA 

OUTPUT  DATA 
OUTPUT  DATA 
SAIL  MFIRMT 

DIMENSION  LEFT  FOR  SLOTS 

-  DO  OAT  A  IN  THE  CD  VS  DO  TABLF 

-  NOMINAI  CHUTE  DIAMETER 

-  VFNT  DIAMETER  NOMINALLY  2*HV*C OS! CROWN  ANGLE  I 

-  DESIGN  LOAD 

SYMBOL  TO  INDICATE  END  OF  DATA  DECK 
CHECK  FOP  U$T  DATA  CARD 

-  REINFORCING  tape  WEIGHT  as  READ  FROM  CARO 

-  GEOMETRIC  POROSITY  DESIRED 

-  GOBF  LENGTH  COEFFICIENT  NOMINALLY  «  .515 

-  SLOT  ARFA  PFR  GORE 

-  H/Hft  OAT*  FOR  THF  FULLNESS  DISTRIBUTION  DATA 
HEIGHT  OF  TOP  SAIL 

INDEX  USED  IN  LOOPS 

-  NUMBER  OF  DATA  POINTS  IN  THE  CD  VS  DO  TABLE 

-  NUMBER  OF  DATA  PUNTS  IN  THE  FULLNESS  DATA 
UPPER  ItMtT  ON  NO  OF  GORES 

~  NUMRFR  OF  DAT*  POINTS  IN  RIGGING  TABLE 
Mxen  POINT  HO  OF  SLOTS 
FIXFD  POINT  NO  OF  SAILS 

-  SAIL  NUMBERS  REQUIRING  REINFORCING  TAPE  J«2  BOTH  J«1  TOP 
FIXFD  POINT  value  of  xxmq 

FIv-t  POINT  NUMftEP  OF  LINES  PER  RISER 

-  CHECH  FOP  OSTA  CARO  COMPLETENESS  AND  ORDER 

-  C.OOF  n  ESTABLISH  REINFORCING  TAPE  WEIGHT 
I NOF *  USED  IN  LOOP': 

INDEX  FOB  V*Tr ARID  AAV  PEAD 

INOf*  ?np  "T  ADJUSTMENT 

Index  FOR  V">f  ABUI  ARV  BEAD 

COUNTER  rop  AO .UKT(nG  SI  OT  DIMENSIONS 

CHprx  TO  SEE  IE  MORE  OAT*  CAROS  FOLLOW 

•  l INF  WEIGHT  IBS/FOOT 
LOWER  LJMJT  on  NO  OF  GOPFS 

•  NUMBER  OF  SLOTS  In  I  FORMAT  XNMftft  |N  F  FORMAT 

•  NOT  SPFt  I  FIFO 


PFPEFNTAGf-  DEVIATION  FOOM  DESIRFO  SLOT  AREA 
PERCENT AGF  OF  goof  for  FULL  SAILS  N0M|  IALLV  .5 
SAf  AOF4  pc  Or  FNTAGf  OF  SO 


POodsitv  o*  cloth  PERCENT  Qf  S  SUR  0 
P09*»S|TV  {>*  fffOMN  PERCENT  S  S(JD  0 
GFOMt  1  c  I  r  O'>B0S!Ty  PERCENT  $  q 

TOTAL  BOP c* » 1 T Y  RfbCEnT  DF  S  SUP  0 


iOEStGNl 
IOESIGNI 
f DESIGN* 


o  r~>  r>  r>  onoonoon  'I'toonmm  nr~v<-)or>oor>or»r>ooortor»n*r>r»r> 


r. 

r, 

r 

r 

r 

r. 

r 

r 


PRSL(I)  -  PERCENT  OF  OPTIMUM  RIGGING  LENGTH  FROM  00  VS  RIG.  TABLE 

PSVRin  -  PERCENTAGE  CHANGE  IN  DO  FROM  DO  VS  RIGGING  TABLE 

PFTW  REINFORCING  TAPE  WEIGHT  TQ  BE  ASSIGNED 

RLCOE  -  RIGGING  COEFFICIENT  NOMINALLY  =  1.15 

RSW  -  RISER  WEIGHT  L8S/F00T 

RTW  -  RADIAL  TAPE  WEIGHT  LBS/FOOT 

RWBOtm-  REINFORCING  TAPE  WEIGHT  BOTTOM  LBS/ET 

P.WTOPtn-  REINFORCIN'.  TAPE  WEIGHT  TOP  LBS/ET 

SALNO  -  NUMBER  OF  SAILS  USED 

SAW  -  SKIRT  BAND  WEIGHT  LBS/FOOT 

SEAM  -  WIDTH  OF  SAIL  REQUIRED  FOR  SEAM  NOMINALLY  =  1.5  IN. 

SKABIU  -  CONSTANTS  FOR  THE  FULLNESS  DISTRIBUTION  DATA 

SI. TO  DISTANCE  USED  TO  CHECK  SLOT  WIDTHS 

SLSPC  FIRST  TRV  A  r  SL  nT  SPACING 

SLARA  -  SLOT  A°FA  TOTAL 

SLST  -  ADJUSTED  SUSPENSION  LINE  STRENGTH 

SLW  -  SAIL  WEIGHT  LBS/SO  FOOT 

SNO  -  NUMBER  OF  GORHS 

SO  -  CANOPY  AREA  SO  IN 

SPSWT  SPECIAL  SAIL  '•  *  FERIAL  WEIGHT 

SPCTOT  TOTAL  SLOT  DIMENSION 

TAPFA  -  SUMMATION  D-  SAIL  MATERIAL 

TITLE!  I )-  TITLE  OF  JOB  ,-Jk  USE  IN  DATA  HEADINGS 

TOTDST  CROWN  DISTANCE  T o  BE  FILLED  WITH  SLOTS  AND  SAILS 

TOARA  -  TOTAL  POROSITY  AREA 

TOTPCIR  -  TOTAt  POROSITY  DESIRED 

T POP  -  TOTAL.  CHUTE  POROSITY  -PERCENT  OF  S  SUB  0  NOMINAL  =.02 

VARFA  -  VENT  ARIA 

VBW  -  VENT  BAND  WEIGHT  LBS/FOOT 

VCB(I)  -  VOCABULARY  DATA  STORED  IN  A  FORMAT  (SEE  LIST) 

VINO  -  NUMBER  OF  VfNTLfNFS  NORMALLY  SC/2 

VLW  -  VENTLINF  WEIGHT  I.RS/FT  NOMINALLY  SAME  AS  LLW 

VNTPOR  -  VENT  PORnSfTV  OESTPFD 

VPOR  -  VENT  POROSITY  -  PERCENT  OF  S  SUB  0  NOMINAL  *.003 

WGT  TOTAL  CHUTE  WEIGHT 

X A ( T )  -  WIDTH  OF  SAIL  AT  THE  TOP 

XRU5  -  WIDTH  OF  S A ( i  AT  THE  BOTTOM 

XOO  -  D I  A  M  F  T  f  r  CAtCUIATFD  FROM  TAREA 

xh  -  wioth  of  Cloth  for  sails 

XHR  -  r.ORF  LENGTH 

XHV  -  or MF NS  I  ON  DOWN  TO  TOP  HAIL  OF  GORE 

X I M()  NUMRf'-R  of-  LINES  PER  RISER 

XL  -  RIGGING  I ENGTH 

XI  P  -  R I F r  5  I  f'Nf.ff-  NOMINALLY  a  36  IN. 

XL  S  -  StlSPF NS  ION  ilNf  LENGTH 

XXNO  LINES  required  ry  loading 

X*XYX  0  {  MR  NS  7  iV  T  •  FAIL  NO  COMPATABILI  TV 

XXXX  AREA  HP  CH'CKiNG  s  A  f  L  NO  COMPAT  AB  I L I  TV 

XXKA  KA  CT'F.  I  E  t-Nf  OF  FULLNESS 

XXKR  KB  roFFF  ;  C  l,;NT  OF  FULLNESS 

XYA ( 15  -  eprc  SA'l  AREA 


is  f. 


.<■*  o rt  r*  iWonn»i,nr»rm  r>nrt 
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Steam  -  F£EF  LENGTH  op  Sfi!t  TOP 

SYCftHJ .  *»  FP?F  LENGTH  OF  THE  SAIL  LOTTOS 

X¥CU,Ti“  GORE  WfRY*<  J*i-8GTQF  SAIL  J*2  -  TOP  OF  SAIL 

XVHCfi  -  S&IL  HEIGHT 

XV^m  -  PERCE*r*GE  OF  FREE  SAIL  AREA  TO  S  SU8  6 
.  EYVlJ.H-  MOTTO*  AxD  TOP  POSITIONS  OF  SAILS  J»t~SGT  J*2»TOP 
v  VERTICAL  MANSION 

¥¥YXV  DIMENSION  TO  CHECK  SAIL  NO  COMPATABEt 8TV 

CONTROL  NUMBER  ASSIGNMENT  IN  PKCGkSM  WGiTft 


-  ...  *  INDICATES  S T RNtHRD  **  INDICATES  CAi  CULATEd 
CONTROL  NUMBER  ASSIGNMENT  YES.  *  0  "  NO  *  1 


CTRf(l)  HAS  A  CDS  VALUE  »F«W  PROVIDED 
CTRL i2)  HAS  A  WONtNAt  01 4NErER  SEEN  GIVEN 
CTRL I 3 \  has  a  DESIGN  13AD  8&EN  PROVIDED 
CTRL (A )  WAS  AN  ADJUSTED  SUSPENSION  LINE  LOAD  GIVEN 
CTRL ( 5 ‘  HAS  A  DRAG  COErE ICIEST  SEEN  PROVIDED 
CTRLI6)  MERE  THE  MUMPER  OP  GORES  SPECJFIEO 
..  cmm  WAS  THE  width  UF  Cloth  SPECIFIED 
CTRL! R»  WAS  THE  SUSPENSION  LINE  LENGTH  SPECIFIED 
CTRL (91  WAS  THE  RISER  LENGTH  SPECIFIED 
CT&LUOI  WAS  THE  VENT  DIAMETER  SPECIFIED 
r TRUUI  WAS  THE  GORE  LENGTH  SPECIFIED 

ct»u»?i  was  the  number  of  sails  specified 

CTRL  1 1 3  I  HAS  THE  SEAM  WIDTH  SPECIFIEO 

CTRU14I  WERE  THE  NUMBER  OF  VENT  LINES  GIVEN 

CTRU151  WAS  VHP  CROWN  ANGLE  SPECIFIED 

CTRL  f  16 1  WAS  THE  COEFFICIENT  ANGLE  FOR  C  SPECIFIED 

CTRLUTI  WAS  THE  COFFFi'CtFKT  FOP  £  SPECIFIED 

CTPLflRI  WAS  TWf  GORE  LENGTH  SPECIFIED 

CTRL ( 1 05  WAS  THE  RIGGING  COEFF  3C { fNT  SPECIFIED 

C T»l 1 50 5  WAS  THg  PERCENT  Of  GORE  WITHOUT  SLOTS  SPECIFIED 

CTRU?1»  WAS  THE  NUMBER  OF  SLOTS  SPECIFIED 

CTRL  I  ?  ?.)  IS  $*R  MATERIAL  WEIGHT  PROVIDED 

C TRl  I  ?3  5  WAF  l  INF  WEIGHT  P’VOVIDSD 

FTftL(?4»  WAS  skirt  WFIGHT  provided 

CTRL(?SI  WAS  VENT  HAND  WFIGHT  PROVIDED 

CTRL ( ?6 )  WAS  RADI  At,  TAPE  WEIGHT  PRDVlOFO 

C TRL ( ?7 )  WAS  THE  RISES  WEIGHT  PROVIDED 

CTRL ( 2 P 5  WAS  THE  VFN>  LINE  WFIGHT  GIVEN 

CTRLI295  WAS  THE  CROWN  POROSITY  SPECIFIED 

CTRL  MCI  WAS  TmF  GEOMETRIC,  POROSITY  SPECIFIED 

CTRl  f?I  )  WAS  THE  T0T41  POROSITY  SPECIFIED 

r.TRL<3?5  WAS  t  HE  SAIL  CLOTH  POROSITY  SPECIFIED 

CTRL  IBIS  WAS  the  VFN'  POROSITY  SPFC1FSFD 

r trl <04 j  i pads  are  to  pf  used  rn  define  no,  uf  gores 

CTRL J IF  |  jc  Twer£  SUrFfCIFNT  INFO  YO  PROVIDE  WEIGHT 
CTRL  (AM  WAS  REINFORCING  TAPF  WEIGHT  PROVIDED 
CTRl  <3M  WAS  THE  Mil  Nl/MHER  FOR  REINFORCING  GIVEN 
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non  nor.  o  o  o  r>r»-n  r*  r»  r»  n  c*  p»or» 


SO  TO  VS9<J  i  ' 

end 

SUBROUTINE  SOCALI  S0o  !  XX  t 

SUBROUTINE  TO  CALCULATE  CANOPY  AREA  GIVEN  REOO,  Oft AG  AREA 

COMNON/CNTRL/VCSU50I  ♦CTftLlIOO>fT!TLEU21 

COMMON /CDATA/CDOXI 501 »DQX!50) *  ICO 

COMMON /PEAOAT /COS  »  DSUBOe  D  ZL  «  SL  ST ♦ COO.XNO* XH 

1  «XLStXLft.OV«XHR»SALNO»^EAHfVLNO 

2  , Cft  ANG  *CCOEF ♦CKOEE  »6RC0E, RLC06 ♦ PESLO, XNMBR 

?  .SLM.UN#S8W,VBMsRTH,RSMtVL« 

4  «CRNP6ft»GEOPOR»TOTpaR.ClHPOR*VNYPOR«XIXMU 

COMMnN/RGTBL/PSVS?50»«PftSU50)cIPO  , 

00U81E  PRECISION  VC8. TITLE  «  1 

ITERATIVE  PROCESS  TO  CALCULATE  SO 

SVETERHINE  IF  COS  Oft  D  SUR  0  ! $  GIVEN  1 

XO0*QSU30 

IF<IXX.NE.2)60  TO  l 
SO»XOQ**2*,7854 

GO  TO  3  !  i  . 

INITI4LUE  FOP  0  SUB  G  CASE  • 

1  SOPLUS-T.OOO.O  '  ' 

0ELS1»U0 

SO-CDS 

INITIALIZE  0  SUB  0  '  1 

!  » 

‘  I 

2  XDQ* SORT ( 4# 0*SQ/3» 1416 ) 

3  IFICTRLISI.EO.l.OlGO  TO  4 

XL*XLS*XlR  ,  : 

00  TO  5  • ,  .  !  ' 

4  XL«RLCOE*Xf>0 

OPTIWU*  RIGGING  LENGTH  , 

I 

I  , 

5  0PTL*U15*X00  1  -  * 

CALCUIA7E  PERCENT  OF  OPTIMUM  RIGGING  LENGTH 

PEPS0=100.0*( XL-OPTLIZOPTL 
!r  (PFftSO.FQ.O.OGO  Tfl  2^ 

FIND  PROPER  COO  MODIFIER  IN  RIGGING  TABLE, 

00  20  I*?«IPO 
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I 


l 


o  "■»  o  rt  r»  o  ono  r»  ri  o  n  r»o  -  t>  rt  n  ~  n  r»n 


I 


!PHPRStn-U*tE«P2RS0>;AN3«f^SUf «eGe.PERSOHGd  TO  22 

20  continue 

H*tTg(6t30ii 
CALL  EXIT 

'  j  • 

l  '  , 

INTERPOLATE  !N  RIGGING  VA8LE 

i 2  CALL  EXTftP(PRSLn-n*PSVRU-JJ*PRSLUI»PSVRm,PERSD,PSVRXJ 
GO  TO  26 

24  P$VRX«  0.0 

!  ,  FIND  PROPER  0  SUB  0  IN  00  TABLE 
26  00  28  !*2. ICO 

IFKDOXU-  U.LE.xOill.AND.  CD0Xm.6E.XD0H.63  TO  30 
28  CONTINUE  " 

MR! TEf6«  302 1  i 

30J  FORMAT ( 24H0  RIGGING1  TABLE  SXCEEOED! 

302  FORMAT (33WO  DRAG  COEFFICIENT  TABLE  EXCEEDED  I 

CALL  EXIT  '  s  ; 

I 

INTERPOLATE  IN'OO  TABLE 

i  ! 

39  CALL  EXTRPIDOXU-ll.CDOXI  MltOOXm.CDOKdWXDO.CDai 
CALCULATE  CCD 

i 

COP*CDO+CDO*PSVR  X/iOO.O  ' 

:  I  FI IXX.EO. 2160  TO  44 

CALCULATE1 TRIAL,  SO  1 

SOX»COS/CQO 

CHECK  FOR  CHANGES  REOUIRED  tN  DO  ! 

DELS?* SOX- SO 

TF.I  I  DELS?*Df  LS\  !  «LE  .0. 0  )S0PLUS*S0PHIS*C-.!'} 
DIVA*100»0*OELSi!’/SO  ■  ■ 

SEE  IF  DO  IS  WITHIN  S  PERCENT 

TFIARSIDIVAI.LT. 0.5)50  TO  4C 
lTFSTMT^ST*!  .  ' 

S0*S(HSOPLUS  , 

'•  i 

'  CHFCK  FOR  RUN-AWAY  LOOP 

-  i 

TF(  ITESTfel.  T.51 1  GO  TO  2  ■ 

,  MRITFI6»303J 

303  FORMAT  1 28HO  UNABLE  TO  FIND  VALUE  OF  SOI 


fofSfcStiWitv'y ' 
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i 


n  n  n  nan  n  n  o  n  n  n  n  no  non  non 


CUL  EXIT 
♦0  SO* SOX 

C4LCUL  ATE  0  SUB  0  FOR  COS  CASE 

P$UBO»SQRT|4.0*$0/3#1416! 

RETURN 

CALCULATE  COS  FOR  0  SUB  0  CASE 


44  C0S»S0*CD0 
RETURN 
FND 

SUBROUTINE  KSET(CNST«XXX. ITYPI 

SUBROUTINE  TO  PERFORM  TABLE  LOOK-UP  ANO  SET  FULLNESS  RATIO 
COMMQN/FULOAT/HHRC  501 » XKA (50) ♦ XKB< 50 1 »I F0 
FIND  POINT  IN  TABLE  FOR  INTERPOLATION 


00  20  I*2t IFO 

IF!  <HHR(I-U.LE.CN$TI„ANO.(HHRm*GE,CNSTnGO  TO  24 
20  CONTINUE 
MRKTE(6,310f 

310  F"  SMfiT  I 35H0UNABLC  TO  ESTABLISH  FULLNESS  RATIO! 

L ALL  EXIT 

24  YFUTYP.E0.2JG0  TO  28 

INTERPOLATE  FOR  SAIL  BOTTOM 

CALL  EXTRPIHHR (I-tl«XK6(T-l ! ,MMR( T I , XKB? II » CNST,XXX I 
RETURN 


INTERPOLATE  FOR  SAIL  TOP 

?B  CALL  E  XTRPS  HHR (I-1I«XKA(I-1 1 *HHR( 1 1 »  XKA 1 1 ) *  CNST  t XXX ) 
RFTURN 
ENO 

SUBROUTINE  PORSITUTYPI 


SUBROUTINE  TO  CALCULATE  POROSITY  OF  CHUTE 


COHMOW/SDATA/SPC  f  *>0 )  t  SLARA*  XHT *  XHV*NMBR»  XXCOE*  ANRAO*  $LT AR(  501 
COMMON/ RE ADAT/ COS »0$UB0»DZI »SLSTtCOO»  XNO«XM 
\  »XLS»XLR«OV»  XHR  «  SALNO*  $EAM»VLNO 

2  «CRANG  f CCOEP  »CKOEF«GRCOE*RLCOE*PESLO*XNMBR 

3  ♦SLWtLlW»SBMtVBW*RTW»RSW»VLM 

4  , CRNPOR ♦ GFOPOR . TOTPOR.CLHPOR  tVNTPOR»  X  t  XNU 

COMMON /SO I M/XYY( ?  »50l »  XYCA( SO ! »  XYCBI 501 »  XYC ( 2t 50) » XVH( 501 »XYA(50I* 
1  XYPISO)*X!MU»XARf A» VAREA«IS(50l»RMTOPI50!tRHBOT(50l* IXI50I » 
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««  wu  o|  Ju  w  uu  uj  o  o  c;  oj  c:  uuu{ 


2  PRCRN,PR60R,PReLTH,PRUTQ.A$AIt.ARI50t,S0 
IFUTYP  *EQ.l>60  TO  5 

FLOAT  DUMBER  OF  SLOTS  IN  CROWN 

_ $LNO*NHBR  _  _ 

CROWN  POROSITY  CALCULATION 

pr crn* f i varea+xareapxnoi >soi  *YooVo 

60  TO  24 

NUP8ER  OF  SAILS  WITHOUT  SLOTS  6ETWEEN 
5  CRNO*SALNO 

NUP9ER  OF  SPACES  FOR  INFLATION  POROSITY 


JJ-CRNO 

CALCULATE  POROSITY  OF  INFLATION 


SET  RATIO  OF  SPACE  R4Q.U-  - 

Rt*XVCBI2)/3.14l6 
R2-XVCAIJJI 
OIS1-XVYU.2I 
t)IS2«XVYU.JJl 

.  ASAIL*0.0  .  . 

CALCULATE  AREAS 

00  20  1*2, JJ 
A*XYCAIN1» 

B-XYCBI tl 
OIST.XVYa,  It 

CALL  EXTRP<0!Sl#Rl,0lS2,R2.0ISTtRB» 

11  rMETAB*ft/?S8P2.0l 
eORD*ftR*StN(THETA3» 

! F I  COR  D»  L E  *  A 1 60  TO  12 
WRITE  I  6, 304)3, A*RB„ CORD 

304  FORMAT! 29H0SAIL  FULLNESS  DOES  NOT  MATCM/30X *41H 
l  RF  CORD/30X, 4?10*4J 

RH*RR-.?5 
no  TO  11 

12  10PN*1 
A0«*10.0 
OELO*1 ,0 
RA*R3 

15  THfTAA»A/(RA*?*OI 
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non  o  r*  o  r»  r»  rv  onn 


XX*RA*SIN(TM€TA£) 

DEL«C0R0-XX 

IFMA8$<DCL?/C0R0»  *LT.,0l)G0  TO  19 

lFU0EL*DELOl.t.T.0*0)ADR*ABR*!-.5l 
RA-RA+AOR 
OftO-DEL 

IF(LORN.GT.20)GO  TO  18 
L0PN*L0PN*1 
GO  TO  15 
18  WRITEI8,305U 

305  FORMAT (34H  LOOP  BLOWUP  IN  RORSIT  AT  SAft  NO* ,131 
RA-0.0 

39  VB*RB*COS(THETABl 
YA«RA*COS(TH£TAAJ 
AREA!UIRB**2*THETA&!-VB*C0R0 
AREAA*<RA**2*THETAAi-VA*C0RD 
AR( !)■ AREAS- AREAA 
ASAU»ASA!l+AR(  I l 
20  CONTINUE 

A$A!L»ASA!l*XNn/SO 
RETURN 

GEOMETRIC  POROSITY 

24  prgor*prcrn*asail*ioo.o 

CLOTH  POROSITY 

CLPQR* 0*0383* I*  75-f PRGOR/IO0*OI I 
PRC LTH»CLPOR*l 00*0 

TOTAL  POROSITY 

PROTO* PRCLTH+PRGOR 
RETURN 
END 

SUBROUTINE  SLTAREI PfRSDl 
SUBROUTINE  TO  CALCULATE  TOTAL  SLOT  AREA 

COMMON /SO AT  A/$PC( 501 ♦ StAR A*  XHT  «  XHV«NMBR  * XXCOE *  ANRAD* SLT  AR ( 50) 
COMMON/REAOAT/COStOS'JBOfOZL » SLST*COO*XNO*XH 

1  ,XLS,XLR»OV* XHR*SALNn,SEAM,VLNO 

?  .crang*ccoef*cxoef*grcoe»rlcoe*peslo,xnmbr 

3  « SLW«LLW« SBWtVBW*RTW*PSWtVLW 

4  ,CRNPOR*GEOPOR*TOTPOR*CLHPOR,YNTPOR,XIXMU 
COMMON /SO! M/XYY<?* 50* . XYC AI 50 > * XYCBI 50) « XVC 1 2 1 50> * XVM< 50* , XYAI50* ♦ 

!  XYP(50»,XiMU.XAREA,VA«EA,lS(50l,PWTOP(50).RWB0T<50l*lX(50I. 

2  PPCRN*PRGn«,PRCLTH,PROTO*ASAlLtAR(50I»S0 
C 

C  INI TTALIZF 


c 

GSLA-SLARA/XNO 

XAPEA-0.0 

C 

C  POSITION  OF  TOP  OF  FIRST  SCOT 

C 

YT-XHV+XHT 
DO  20  t-l.NNBR 
C 

C  GORE  WIDTH  AT  TOP  OF  SLOT 

C 

C^XJ£0?P$INI YTPANRAOI 
C 

C  CALCULATE  FULLNESS  CONSTANT 

C 

CN$T*YT/XHR 
CALL  KSFTICNST *XXRA»?I 
C 

C  SLOT  WIDTH  AT  TOP 

C 

*nP«XXKA*C 

c 

C  POSITION  OF  BOTTOM  OF  SLOT 

r. 

VB-YT+SPCIII 

c 

c  CALCULATE  FULLNESS  CONSTANT 

CNST-VB/XHR 

CALL  RSET(CNST,XXKBj1I 

c 

C  SLOT  WIDTH  AT  BOTTOM 

C 

C»XXCOE*SINI Y8PANRA0I 
BTM«XXKB*C 

C 

C  AREA  OF  SLOT 

C 

SLTARI  I»«SPCIU*ITOPtBTM»/2.0 
C 

C  TOTAJ  AREA  OF  SLOTS 

c 

XAPFAsXAOFA+SLTARU  } 

VTsYRMM 
20  CONTI NUF 
C 

C  SLOT  OOROStrv 

c 

PFR  SO*  ABSIXARFA-GSLA  »/GSLA 

RF  TURN 

FND 


343 


SUBROUTINE 


HEIGHT! WOT I 


SUBROUTINE  TO  CALCULATE  THE  WEIGHT  OF  THE  CHUTE 
REAL  LLW 

COMMON /SAILS/XAI 501 *XjM  50t ,XA0( 50) , XABYI50) ,  SALW6T (501 
CnNM0N/CNTRL/VCBn50l»cf«Ulb0»«T!TLE(12I 
COMMON/ READAT/C OS, DSUBOtDZL.SLST  »CDO,XNO,  XH 
1  ,XLS,XLR,DV.XHR,SALNO,SEAM,VLNO 

1  ,CRANGfCCOEF,CKOEF,GRCOE,RLCOE,PESLO,XNMBR 

y  ,  SLW.LLW.SSW* VBW, RTW.RSW, VLH 

4  .CRNPOR,  GEOPOR, TOTPOR.CLHPOR, VNTPOR,X IXMU 

COMMON /SDIM/XYY( 2,501 «XYCA( 50 1 , XVCflt 501 , XVC ( 2,50) , XYH( 501 »  XYAI 505 , 
t  XYPC50l,XlMU,XA«EA,VAREA,IS(50f,RWTOP(50I,RWBOT(50),IX(50l. 

2  PPCRN, PRGG»,PRCLTH, PROTO, ASA !L,ARf50», SO 
DOUBLE  PRECISION  VC8, TITLE 

NUMBER  OF  SAILS 

JJ-SALNO 

SU*0.0 

CLA-0.0 

CLOTH  WEIGHT 

00  9  J*t , 50 

IF(SALWGT(JI.EO.O.O)SALWGT(J)»SLW 
9  CONTINUE 

CALCULATE  SAIL  AREA 

00  10  1*1. JJ 
KK-JJ-Ul 

CL AR« I  (XA(!UXA(in/2,OI*XTHin*SALWGT(KKt 
CLA*CL A^CLAP 
10  CONTINUF 

SAIL  WEIGHT 

CLA«CLA*XNO 

SUSPENSION  LINE  WEIGHT 
SLA*XNO*(XLS^12,0»*LLW 
RtSER  WEIGHT 

RIA«IXLP412.0I*(XN0/XIMUI*RSW 
WEIGHT  OF  PAOIALS 
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5 

1 


RAA-XN0*2.0*<XHR*2.0»*RTW 
307  FORMAT! 1H0* 12 Aft  | 

_  30*  FORMAT  j  INI  «42X.45HR  J  A  6  S_A  I  l  C  H  T  6  ^E 

C 

C  WEIGHT  OF  SKIRT  SAND  - 

_C _ _ _ _ _  _ _ 

SKA«IXMO*XVCB(U46.0)*SBW 

c 

C  WEIGHT  OF  VENT  BAND  _ 

C  '  .  . . 

V8A»(XMO*XVCA(JJ»+6,OI*VBM 

__C _ .  .  _ _  _ _ 

C  WEIGHT  OF  Vf NT  LINES 

C 

_ VIA-  IOV+6.  0  l*Vl.NO*yLW 

C  WEIGHT  OF  REINFORCING  TAPES 

RTA*0»  0 
RWTOPdl-O.O 

_  on  20  i«i,Ja  __ 

IFIISII  l.tT.t  1G0  TO  20 

_  WGG-!XNO*XYCA<  ISL)«‘6.0MRWTOP<  1  | 

IFIISII  I.LT.2IG0  TO  19  ~ 

WGG«WGGPXNO»XYC6tlSl)<»6«0l*RW0OTU  } 

_  19  RTA-RTA^WGG 

20  CONTINUE  . ~ . ' 

WGT«CLA*SLA*RIA»RAAESKAAW8AmA9RTA 

.  .C. 

C  WttITF  WEIGHT  DATA  -  .  -  -  — 

C 

WRITEIft.3001 

WPITF(6»^07HTITLF(  Jl . J-l  ♦  1 2 1  -  -  . 

WRITE!ft.319> 

.  .  319  FORMAT  I 23MOW  EIGHT  0  IT  II 

WR 1 TF I  ft «  320  1 

320  FORMAT! 30M0I All  WEIGHTS  GIVEN  !N  P0UN0SI1 
WRITFIft,32UCLA 

321  FORMAT (23MDSAI L  FARR  1C  WEIGHT  »  .F10.3I 
WR !  TF  ( ft  »  3221SI.A 

_  3??  FORMAT! 2 ft MO SUSPENSION  tlNE  WEIGHT  »  ,F10«3| 

WR I TF I  ft «  323  IR  1  A 

323  Fon“AT| I  THOR | s  t  R  WEIGHT  -  .F10.3) 

WPPEIft.  324IRAA 

324  FORMAT  f  22MOWE I  GMT  OF  RAOIAIS  ■  ,F10.3» 

WRITFCft. 323ISKA 

325  FORMAU22HOSXJRT  MANO  WEIGHT  »  .F10.31 
WRITE  I  ft. 32ft  I  VO  A 

32ft  FORMAT | 21M0VFN1  S&NO  WFtGHT  «  «F\0.3I 
WRlTEtft.  32T1VI. A 


,iA 


o  ->  o  r»  '■»  r* 


32T  F0RMATI21H0VENT  LINE  WEIGHT  •  ,F10.3) 

WRITEI6, 328IRTA 

328  FORMAT (32H0WEIGHT  OF  REINFORCING  TARES  «  «F10*3I 
WRITE<6.329)WGT 

3 Jfl  FORMAT! 36H-T0TAL  PARACHUTE  ASSEMBLY  WEIGHT  •  ,FlO«3) 

RETURN 
FNO 

SUBROUTINE  EXTRP( XI ,Y\ , X2 , Y2, AX, AY) 

SUBROUTINE  TO  PERFORM  EXTRAPOLATION 

OELX-X2-X1 
OELY»Y2-Yl 

AY*Cf  OELYM  AX-X1I  l/OELXMYl 
RETURN 
ENO 

SUBROUTINE  INOATA 

SUBROUTINE  TO  PRINT  INPUT  DATA 

COMMON/COAT  A/COOX  1 501 ,00X1 30 1 , 1  CD 
COMmun/bgTBL /PSVR ( 50) ,PRSL 1 50 ! , l PD 
C0MH0N/CNTRI/VCBII50) *CTRLt 100  I,TITLEI12I 
COMMON/FULOAT/HHRI 50) , XXAI 50) ,XKBI 50) , IED 
COMMON/SA ItS/XA  (  50)  ,  XBt  50)  *  XABt  50)  ,  XABY 150)  .SALWGTI50) 

COMMON /REAOAT /'COS ,t)S  J30,0£L*$LST«CDO,  XNO, XM 
\  .XlS.XLR.OV.XMR.SALNO.SEAM.VLNO 

2  ,CRANG,CC0EF,CX0EF,GRC06.RLC0E,PESL0,XNMBR 

3  ,SLW,LLW,$BW,VBW,RTW,RSW,VLW 

4  ,CRNPOR,GEOPOR,TOTPOR,CLHPOR,VNTPOR,XIXMU 
COMMON/SOATA/SPCf 50) ,SLARA,XHT,XHV,NMBR,XXCOF, ANRAO.SlTARISO) 
COMMON/SOIM/YYVIZ.SQI.XYCAtSOl.XYCBl 50) ,XYCt2,50) ,XYH(50) ,XYAI50), 

1  XYPI50) .XIMU,XARFA,VAREA,ISI50),RWTOpf50),flMBOTI50),IXI50), 

2  PRCRN,PRGOR,PRCLTH,  PROTO,  ASAIL*,  ARI 50)  ,S0 
0  IMF  NS  ION  RDf.HKI  35) ,  S  TORO  1 35)  ,IXXX(9)  ,  AOAI 35) 

OnUBlE  PRECISION  VCB, TITLE, ADA 
FOUI  VAt  FNf.E  (RDCHK  1 1 )  .CDS) 

C  MPITF  TABLE  DATA 
C 

10*5  WRITFI6.30B) 

WRITFI6,30T)T)TLE 

WRITE (ft, 326) 

WRITF(iS,127) 

3  FORMAT  1 1  HO  «?*>X»22Ht  N  P  U  T  OAT  A ) 

3?T  FORMAT)  IHO.SX.PMCOO  DATA , 9X,  1 4HR I GGt NG  VS  C00.13X, I4HFULLNESS  T ABL 
IE) 

WRITC16,*2R1 

3?B  FORMAKQHO  o  SUB  0,5X ,  3HC00, AX.26HPER S*ClPT»  PgRS.COO  H/Hft,?X*2H 
1 K  A , P  X i ’HKR/1M0 » 

JJrMAXOI IfO.fPO.IFO) 
no  1050  J-l.JJ 


OOAX-OOXIJ 1/12.0 
!FU.E0.40)WR1TEI6,328» 

M&lTf  (6  tlZ9 UMAX  .C2QXI  JURRSL<JI.PSV8fJ).HHRUS*&K_A<  ii«  XKBfJ  * 
1040  CONTINUE 
329  FORHAVClX.Eq.a.ftFlO.M 
MfLLTiL*t308J 
WRITEI6.307ITIHE 
WRITE { 6*  326 ) 

WRJTE*6,318I 
REWIND  12 
00  1056  1-1,34  , 

IF LC.T.RL  <  I  »  •  EO*  Q*  Q » GO  TO  1956 _ 

IFICTRU  I  I.EO.  1,0 IWRITEU 2*331)  VCB(  521 
GO  TO  1056 
1956  OAO-RDCHKin 

IFIUEQ.i  >040*060/144.0 

I F I !  •  EO.  2,  m.  !  .  FQ.  8 1 OAO-OAO/1 2* 0 

IF ( I.E0.34IG0  TO  1 961 

IFCI.EO.UGO  ro  1961 

IFII.LT, 15IGT  TO  1963 

I  F(  I . EQ.20  1 040-0APM00*  0 

1FII.E0.131 OAO-OAO/.01T453 

IFII.LT. 22>GO  TO  1965 

! F i I .EO. 22 1 D60-oAO*144«0 

IF(t  I.GT.2?).AND.fI  ,  t  T.  291  )0A0-0A0*1. 2.0 

T  F  f t .1 T«  ?9 ) GO  VO  1967 

0 AO- DAO* 100.0 

GO  TO  l 965 

1961  WRTTFI 12.1962IDA0 
1S62 FORMAT  |  F6.  01 
GO  TO  1056 

1961  WSITFSl^.lo^^iOAO 

1964  FORF A  f ( L  6, ? i 
GO  TO  10  56 

1965  WRTTf(  |?,»<36/(»nAO 
V966  FOR**AT(Ff ,  31 

GO  TO  1066 

1«67  WPf  TF(i?,l<s6iiOA0 
1Q6«  F0RHAT»f6.6» 

1056  fONT|NUF 
OF W I NO  \2 

00  1057  1»1 ,34 

oFAom.muDAin 

1057  f ONT INU? 

3*0  FORMAT  3  j 

331  rnfi«AT< Af 1 

WPITF  <  6  •  3  3  7  1 A  P  A  ( 1 t, ADA  1 21 
WPITf »AOA( J», A0AI4) 

WR  !Tf=t*.  334tA0AI5l,AOA(6l 
waiTFIf*.  miAfUl  71.A0M8) 

WS!TF!6,33fclA0A(91 , AOAI 101 


WRITS{6.33TIAOA(il>,AOAn2) 

WRITF(6,3JE)A0A(13I  .A0AU4) 

M»ITE(6f330>ADA|I5J  tADAU6r 
WR!TE(6.340UDAU?),ADAI18) 

WR!Te<6.341UDAn<M.aOA(34> 

W_RITE<6.742IA0A<20) , ADA  1 21) 

WRITF<6,343lAr>A(2?),ftnAI2  3) 

WRITFI6.344HDAI24)  ,AOAf?!>> 

WRITF i 6.3451 ADA( 26» , AHA (2? t 
WRITEI6.346)A0A(  28).4f)A{2Q) 

WRITEI6,347H0A{30),A0AI3l) 

WRITE  1 6. 348) AOAf  32) *  ADA (3 31 
WR!TE(6.308) 

WR!TEI6,307IT!TL£ 

WRITEI6.326) 

WRI TF 16.318) 

WRITEI6.34Q) 

340  FORMAT ( lHO. 1DX.52HS* I L  INPUT  DATA  {REINFORCING  OR  NON-STANOARO  WEI 
1GHT)  l 

WRITE {4.3*0  I 

3*0  FORMAT  UM'J.ftH  SAIL  NO. lOH.gNTOP  T APE .1  OX. 11 HRQT Tf)M  TAPE*iCX.l2WClG 
1TM  WEIGHY/) 

DO  1030  l»l.*0 

if{(5a4wgtui,fo, o.oi, and. n$m,Ea.onc.o  va  uso 

0A0-SAtWGT(l»*!44.0 
!F{  DAP, FO.O.OinAO^SlWAI 44,0 
OATOPsRWTOPl 1 1*12,0 
OADOT*RWROT( | 1*12.0 
XXR*lSm*l 

r,n  Tnno?0*lW.loT2t,K«« 

IQ’O  WftITFt6.lRT3IJ.0AO 
GO  TO  1 080 

*0?{  UR!TF{4,lOT4»t,OATnP.OAO 


GO  TO  |98Q 

IV?  WRffF{6.19T4U  .(?AT0p,0A8OT.0AO 
IQT3  FORMA TUO0.4T, 

1«U4  FrRKATHH<uSx,f;?tn*«F10»6,i2*.3KN/$»14*,F10,6» 
1075  FnRM#.T{IH0.8K.I2,nJ!»P10.4^?£,FlO*6.llF,Fl3*6» 


»*>f»0  C0N?1NUF 
7  3?  forma t ( i tm 
337  FORMAT  t \ *M 
374  F0PMATU4H 
37*  FORMAT | 1 SW 
37*  FTRMdtUGM 
3  7  ?  FORMA  T { J  %U 
3  3  *5  F  r’PM  A  T  { 1  AH 
3  »6  F"«MAtn3H 
740  fpBMftT l?OH 
341  ClftMAU  ?4H 

U» 

742  FORMATI23H 


03 AG  A3? A  *  ,*6.30*.! THCHUT?  DU*ETE*  »  ,A6) 

OS  SIGN  LOAD  *  .46,?SX,?3HSOSP£NS!OM  LINE  LOAD  «  .A  6) 

osar,  cof f,  *  ***»2Rx«|8mnuwrep  Of  gores  •  .A6i 

CtntK  MIOJM  *  -sA^RSf.jAHSUSPENSION  LINE  LENGTH  *  ,46) 
BHrS  US?,TSF  *  ,A->,?TX,l*MVfNT  DIAMETER  «  ,A6) 

0»f  LFNS.TH  »  ,A6«?a*.l8MNUMEEP  OF  SAILS  «  .A6) 

SEA**  *U0MA8££  «  ,  A6.25*.23MNU*RER  OF  VENT  LINES  •  ,AM 
Cft'iWN  ANGt  f  «  ,A6,2AX.l<3HF.OP£  ANGIE  COEF.  *  »A6| 

GO«f  wt-OtH  COEF.  *  *  *4,23X,?0H00»£  LENGTH  COEF,  *  .*63 
RIGGINn  IFNGTM  COEF.  *  , A*.  10* ,1  9H»WM8f R  OF  RISERS  »  »A 

P?*S.  GORE  TO  SLOTS  «  . A6.20X* |«#NtfW*SP  0F  SLOTS  »  ,A6i 


34  n 


w>  u  a  u  wnd  udw 


M3  FORMATmM  SAIL  CLOTH  WEIGHT  *  , A6«22X, 25HSUSPENSI0N  LINE  WEI6HT  * 
I  #  A6I 

.1.44.  KMMAL121H  SKIRT  8AN0  WEIGHT  »  . A6,22XtlSHV£NT  BAWD  N6I6HT  »  ±M  1 
345  FORNATI22H  RADIAL  TAPE  WEIGHT  «  , A6«21X,15HRISER  WEIGHT  -  »A6) 

344  F0RNATI20H  VENT  LINE  WEIGHT  -  , A6*23X«17HCROWN  POROSITY  *  ,A6) 

347  FQRNATI22H  GEOMETRIC  POROSITY  «  ♦ Afe«21X+17HT0TAL  POROSITY  «  *A6 ) 
501  FORMAT* IH1 *24X* 12A6) 

307  FORMAT *1MQ,12X,1 2 A6) 

340  FORMAT (10H  CLOTH  POROSITY  -  « A6c25X*I4HVENT  POROSITY  «  ,A6) 

309  FORMAT (  IHt  #  12X * 43HR  j  N  fi  S  1  I  t  C  M  il  T  E  t>  E  S  I  G  Nl 

319  FORMAT ClM0#33X«ilHt CONTINUED! /1M0I 


MIURJ1 _ 

END 

SLOCAL, 


SUBROUTINE  TO  CALCULATE  SLOT  POSITION  AND  DIMENSIONS 


C 

_ £0M9H£*/C0ATA/CCH)XI50I  f  00X1501..  ICD _ _ _ 

COMNOH/RGTRLf PSVR f?Q? , PRSL 1 501 . IPO 
CONMON/CNTRL/VCBI 1501 , CTRL* 1001 . TI TLEI 12» 

_ _  COMMON /FiJiPAT/MHRC  501  „XKAH01 *  XKBI  SOI .  IFO _ _ 

COMMON/ SAILS/X At  501  *  S0{  50)  «XAB(  SOI » XASV (SOI  tSALWGT*  SO) 
C0*^/**»MMCOS,OSlJBO.OIL*SLST.COOtXNOtXH 

_ „1 _ _  ,  XLSt  XLR«.QYt  XHR«  SALNOt  SEAMg  VLNO  _ _ 

?  fCRANG.CCOEF,CXOEFvGRCOE»RLCOE«~PESLO»XNMBR 

3  'SLttoLLW*SBW,V8MvRTtf»RStl»VLW 

__ _ 4  _  _  ,CRHPOa,OgOPOR,TOTPOR,CLHPOR,VWTPQR,XIXMU 

c6rwcn/soa'ta/spc«  ss  » ,  sl  ap  a  *  xht  ,  xhv,  nmsrVxxcOc*  aNr  AOySlTAR  *50  J 
CQnNO.n3/SD!M/XYY(2*50!0XVCAI50ltXVCat50l»XVC(2»50l«XVH<50l»XVA(50)« 
_ _ 1  TYFf 503  «X|MU*XAREA« VAREA •TS(SO) *RMTORf 50t«RWB0T(SQ) * IXI30 1 « 

2  PRCRN ePRGOR »  PRCLTh* PROTO* ASAIL* ARI SOI *S0 
DIMENSION  RDCHK* 35» .STORDITSI? I KXX(91 ,AOA«35) 

_ EQUIVALENCE*  ROC  MX!  U  ,CDSj _ _ 

DOUBLE  PRECISION  VC®* TITLE* ADA 


CAL CUL ATS  V E N TJELAT I_OM_  POROSITY 
CALL  PORSITIH 


Vent  arm  calculation 


_ YA$EA*SOPVNTPQR 

VENT  DIAMETER  CALCULATION 

0V«SQRTYVAREA*i#23724» 

__  C  ALCUL ATE  0 T MENS  I  ON  DOWN  TO  TOP  SAIL 

IE?CTRLt95 > .NE.2.0IG0  TO  90 
!F<XMV.EQ.O.O)XMV«DV/<2*0*COSICRANG» I 
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Best  Available  Copy 


onoo  o  o  r>  r>  r>  o  on 


SL 0-0.0 
NNBR-XNNfi;? 

XMAR0-SALN0+XNN8R-1. 0 
00  95  I-l.NWBR 
95  SLD-SLD+SPCCIf 

XHT-XHR-IXHAR0*XH«>SL0*XHV» 
0V»XHV*(2.0*C0S(CRANGH 
SLARA*100.0 
CALL  $• T ARE ( PERS0I 
GO  TO  80 

90  XHV»DV/(2.0*COS?CRAHSn 

CALCULATE  TOTAL  POROSITY  AREA  REQUIRED 

TOAR A*S0*T0TP0R 

CALCULATE  SLOT  AREA  REQUIRED 

IFICTRLl30?aEQ.l«0IG0  TO  112T 
SL ARA*$0*( GEOPOR- ASAI L l-VAREA 
GO  TO  U29 
112?  IF(  CTRL (  31 1  .EO.  1.0 ISO  TO  U28 
SLARA-TOAR A-( VAREA*AS*IL*SOl 
GO  TO  1129 

1128  SLARA-SU»CRNPOR-VAREA 
CALCULATE  AREA  PER  GORE  IN  SLOTS 

1129  GSLA-SLARA/XNO 


LAPGFST  WHOLE  NUMBER  OF  SAILS  OF  HEIGHT  H  THAT  CAN  BE  ADDED 
IXNBR-SALNO 

10TDST«XVY( 2. IXN&R I-XHV 
NMBR*  I NTI TOTDST/XHI 
XNMBR*NMBR 

IF(NMBR.GT. (50-IXNRR) )G0  TO  1130 

C 

C  DIMENSION  LEFT  FOR  SLOf- 

C 

,Dlj>!  ST-T0TDST-XNMBR9XH 

C  '  V‘  " 

C  ROUGH  EQUAL  SLOT  SPACING 

C 

SLSPC-0.0 
4  GO  TO  28 

mo  WRITERS*  380 1XNMBR  »  SAL  NO 
3  BO  FORMAT  1 16H0  TOO  MANY  SAILS. 2Ei2„3) 

CALL  EXIT 

C 
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C  CALCULATE  CLOSEST  EQUAL  SPACING  WITHIN  ,25  ?NCM 

&1.SL1PC- SLSPC  ♦,  25 
SLTO«X'*M8R*SLSPC 
tFCSLTO.LT.OLOJSTJGO  TO  28 
5LiPC-SL$PC-,25 

£ 

C  SET  IDENTIFIED  SLOT  SPACES 

c 

00  30  I»l,NH8ft 

spci  h*slspc 
au  continue 

t 

c  ADJUST  SPACES  I UNEQUAL!  TO  NATCH  GIST,  TO  WITHIN  ,25  INCH 
KNX¥*i 

DO  40  !*t  «NN8R 
SPCTOT^OjO 
c 

c  ADO  ,25  INCH  TO  TOP  SLOTS 

00  34  J«1,KNXX 
SPC( Ji^SPCi J$*„?5 
15  CONTINUE 
C 

C  CALCULATE  TOTAL  SLOT  DISTANCE 
r 

00  36  J»J.tNK9R 
SPCTOT.SPCTOT^SPCI  Jl 
15  CONTINUE 
c 

c  CHECK  FOP  SPACING  MATCH 

C 

fEf Se»CT0T,6T,'>LDr STJGO  TO  42 
knxsx=knx^:*i 
40  CONTINUE 
C 

C  SET  TOP  SAIL  HEIGHT 

C 

4?  XHT«XH 

C 

C  CALCULATE  SLOT  AREA 

C 

call  SLTAREtPERSDI 
f. 

C  CHECK  FOR  POROSITY  MATCH 

l  E  I  PE R  SO*  L T, » 0  5 ! GO  TO  80 

C 

r:  ’  0C,C  <^HECK  EOS  SLOT  DIMENSION  CHANGE 
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!FIXAREA.LT»G$LA  VSO  TO  56 
C 

C  FIX  POINT  NO  OF  SLOTS 
C 

ISTP*NM8R/2 

C 

T  REDUCE  SLOT  AREA  BY  INCREASING  TOP  SLOT  AND  REDUCING  BOTTOM  SLOT 
C 

KNXX*! 

001242  1*1* ISTP 
D01240  J*1,KNXX 
SPC<  Jl*$PCf,fl*.25 

K*NMBR-J  I 

SP£fKm*SPC(K*n-o2B 
1240  CONTINUE 

c 

C  CALCULATE  SLOT  AREA 

C 

CALL  SLTAREIPERSDI 

e  i 

C  CHECK  FOR  POROSITY  MATCH 

C 

IF ( P£RSO*LT*,05) GO  TO  80 
KNXX*KNXX+l 
r 

C  CHECK  TO  SEE  IF  BOTTOM  SLOT  REMOVED 

C 

TF< SPC ( NMBR I »LE .0*0)50  TO  50 
1242  CONTINUE 
C 

C  REMOVE  ALL  SLOTS  IF  PRECEE01NG  DOES  NOT  PROVIDE  SOLUTION  . 

C  BY  ADDING  ANOTHER  SAIL 
C 

SO  NMBR-NMRR*! 

C 

C  SET  HEIGHT  OF  NEU  TOP  SAIL 
C 

XHT-OLDIST 

C 

C  RESFT  IDENTIFIED  SLOTS  TO  ZERO  > 

C 

DO  52  I *1 • NMBR 
SPC!U*0.0 

52  CONTINUE  '•  i 

C 

C  INCREASE  SLOTS  BY  .25  INCH  AT  A  TIME  REMOVING  MATERIAL  FROM  TOP 
C  SAIL 

C 

56  DO  58  !=1 .NMBR 

sPcm-sprm+,25 

XHT*XHT-.25  , 
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no:rt  r»p~*  ,  o  r»fc-»  k-»r*o,  I  « n  o  ko  «  nnh  rtbn 


9%  CONTINUE 

CALCULATE  SLOT  AREA  „ J _ j ;J_ _ 

CALL  SLTAREfPERSQl 

CMECIMFOR  POROST  TY_Sa TCM~  I 

TFtPERS0.LT..03IG0  TO  80 _ : _ 

CHECK  FOR  AREA  GREATER  THAW  REQUIRES 

!  I 

,  I fYk  AR  EA.LT.5S LA  »  60  ~fCMS6 
KNXX*1 

HATCH  AREA  BY  REMOVING FROM ~M>TT01PSUJT $ ~AND ADDING' TO  TOR  SAIL 

i  .  ! 

_  00_  68  1*1  SNMBR  _  _  _ 

DO  66  J*l,KNXX  ( 

K»NM8R-J 

. . SRC.{.K^t>»SRClK.tiir>19 _ _ _ _ 

HT-HT+.25 
66  CONTINUE  ’ 

_ CALL  SIT  ARE IPERS01 _ _ _ _ _ _ 

CHECK  FOR  CLOSEST  CONDITION  LESS  THAN  REQUIRED  AND  ACCEPT  SOLUTION 

TFfXAREA.LT.GSLA  160  TO  T6~  '■  -  ' 

.  KNXX-KNXX+1 

IF  BOTTOM  SLOT  IS  REMOVED  “ACCEPT  SOLUTION 

IF ( SRC (NMBR ) .LE.O.OIGO  TO  80 
68  CONTINUE 

CALCULATE  SLOTS  WERE  AREA  IS  LESS  THAN  REQUIREP 

FO  OEL Y»XH  | 

NUMBER  OF  SAILS  AND  SLOTS  IN  FIXED  POINT'  FORM 

.  t-*SALNO 
J"NMBR  1 

IFU  !+J».f>T.5CJG0  TO  U30 

C  DETERMINE  LOCATION  OF  SAILS'  IN  SLOT  REIGON 

C  ! 

A?  IM*1  1 

r  •  ,  ' 

■C  DETERMINE  SAU.  BOTTOM  LOCATION 


3  S3 


r»oo  r»r»r^  ^  m  -sr»r»  r?  n  r>  n  rt  n  r>  r>  r»or>  moo 


Y»XYY<2,  WI-SPCI  J» 

XYYU*  I»»? 

determine  gore  width  at  bottom  of  sail 

CCC*XXCOE*SIN{Y*ANftAD! 

xycu,  n-ccc 

DETERMINE  SAIL  HEIGHT 
XVH( I } =DEL  Y 

DETERMINE  FULLNESS  CONSTANT 
CNST=Y/XHR 

CALL  KSET(CNST,XXK8,U 

DETERMINE  FREE  SAIL  WIDTH  AT  SAIL  80TT0M 
V/C.BC  I  >»XX<B*CCC 

DETF8MINF  CONSTRUCTION  WIDTH  AT  SAIL  BOTTOM 

X*(  TUXYCJM  H  +  SEAM 

CALCULATE  POSITION  OF  TOP  OF  SAIL 

V»Y“CFl V 
XYYJ2* H»Y 

CALCULATE  GORE  WIDTH  AT  TOP  OF  SAIL 

CCC*XXCOF*SIN  (Y*ANRAD» 

XYC(2tn»CCC, 

CALCULATE  FULLNESS  CONSTANT 
CNST«  Y/XHR 

CALL  KSFT(CNST,XXXA,2) 

DETFRMTNE  FREF  SAIL  WIDTH  AT  SAIL  TOP 

XYCAU  I  »XXKA*CCC 
C 

C  CA1CULATF  CONSTRUCTION  WIDTH  AT  SAIL  TOP 

r. 

X A (  i  »<*XYCA  ( I  I  +  SEAM 
C 

r  CHECK  IF  TOR  SAIL 

r. 

m J,EQ.2IUFIY«XHT 
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fy  »"  <4 


J«J-1 

IFIJ.GT.OIGO  TO  82 

SET  NEW  NUMBER  FOR  TOTAL  SAILS  FLOATING  AND  FIXED 

SA1A0*J 

!SNO*I 

XHV*XYY<2, ISNOI 
DJi-XHtf**  ?aQ*COS<CRANGU 
RETURN 
END 

subroutine  OUTSIT 

SUBROUTINE  TO  WRITE  OUTPUT  INFORMATION 

COMMON /COAT  A/CDOX I  SOI  ,DQX{5G$*  ICO 
COMMON /RGT8L/PSVR  1  SO  >  .  »*SL  <  50 )  ♦  I PO 
COMMON/CNTRL/yCBIIOO)  .CTRL  UOOS.  TITLE  <121 
COMMON /FUL DAT /HHR 1 501  *  XKA<50$ ♦ XKft ( 50 ) * IFD 
COMMON /SAILS/**! SOI , Xfs* SOI ♦ XA8I 50 )» X A8Y? 501 »SALWGT( 50) 
COMWON/READAT/COS.OSUOO.OZl^SLST  .COO,  XNO.XH 
, XIS. XLft.DV. XHft. SALNO,SEAM,VlNO 
»CRANG  vCCOcF ♦CXOEF.GRCOE.RLCOE .PESLO.XNWBR 
« SLW.LLW. SBW.V&W.RYW.RSW.  VjLW 
,  CRN**Oft ,  C»FOP  OR ,  T  OTPOR,  CLHPOR  *  VNTPOR  ♦  X I XMU 
COMMON/SDATft/SPCtBOl , $L AR &» XHY , XHV.NMBR , XXCOE , ANR AD. $LT AR( 50) 
COMMON  /  SCrlM/XYV(?,50)9AYCA»50)»XYCBl50l»XVC(2*50It  XYH(  501.XYAC50). 
\  XYP f  50 ) . XI RU* X AR FA. V  ARE A , I  SI *0 KRWf OPC 50jf RWBOTf  501. IX 150), 

2  PRCRNoPRG0R.PSCLTM,PR0T0sASAIL,AR(50),S0 
DIMENSION  ROCHKI35I ,  STORum I  . )  XXX(9S .  A0AIJ5) 

EQUIVALENCE <fcOC  WK  f  U  «.  CDS) 

DOUBIF  PRECISION  VCR«T ! TIE, ADA 

Si  TOTnO.O 

PR  Si  T * 0 « 0 

CRT0T*0*0 

PRSTOT-O.o 

WRITEin.AOBt 

WRITE(6,50T*«TITLE(U) » J*1 „!?» 

oA'n»osuao/i2.o 

DAY2«$0/H4.0 

DAT3«C0$/144,0 

WRITE!  A»  no* 

WRITE  <6,  vmvtBIl  1 ,  VCM2)  <VC8(  J )  , DAU ,  VCBOT)  ,VCB(4)  . VCB« 5)  . VCBO) 
\  .OATS  ,vc(h3S) ,VCR<6) , VC8 (7) . VCBf  3 1 » 0AT3.VCB( 38 1 

OAY\  ;.:<N0 
WGTwCTRl  fV*l 
DAT?v.HGT 
OAn*cr»Q 

WR!TC«n*3!0j 

WRITE  {  6.  lO^lYCBm  ,VC.MV)  .VT.Bl  M  .OATl ,  VCBI *5  1  ,Vf.B<  43)  ,VC8<44)  ,VCB( 
13,  .OAT2.VCRI4C).  X M I  > )  .  VUM  i  J)  . VCBO)  .OATS 


0  55 


XL-CTRU98I 

0AT1-XL/12.0 

0AT2*XtS/12.0 

OAT3-XLP/12.0 

WRITEI6,310) 

WRITEt6,309)VCBIi4),VC§tl4),VCBm,DATl,VCBI37),VCBt_HKVCB<17),VC 
)B(3)»OAT2»VCBI37)»VCRtl8),VCBI19),VC8(3) , DAT3, VCBI 37) 

0AT1*XL/DSU80 
0AT2-t00.0*0V**2*, 7854/SO 
VEMPOOAT2 

VENT® DV**2*» 7854/1 44* 0 

DAT3»OV 

WRITEI6.310I 

WRfTEC 6, 309) VCBI 10) «  VC8H1 ) #¥CBt3 ) ,0AT1 »¥C3 145 ),VCB(53) ,VCB( 54)  ,VC 
1B(3),DAT2,VCBI41) * VCB 126) , VCBI 27) • VCBI 3) , OAT 3, VCR 1 39) 

0AT1*XHR 
DAT2*XHR/DSUBP 
DAT3*6.44*XMR/XN0 
WRI TE 1 6, 310  I 

WRITEI6,309)VCB(20),VCBI2l)»VCBI3) «DAT1 , VCB 139), VCBI 35), VCBI 36), VC 
1 B  ( 3 )  ,  0  AT  2,  VC  8  ( 45 )  ,  VCB 1 22. )  e  VCB 1 23 )  ,  VC B  j  3 )  ,0AT3  ,  VCB  I  39 ) 

DAT1 “PRCLTH 
0AT2-PRCRN 
DAT3*PR0T0 
WRITEI6,310) 

WRTTE I  6. 309) VCBI  28), VCBI 32), VCBI 3) ,0AT1 , VCB 141 ) , VCBI 28 ) ,VCBI 29 )  ,VC 
lB(3),0AT26VCB!4t),VCBI29».VCBI31).VCBt3).0AT3,VCB(4l) 

0AT1-PRG0R 

0AT2»XIXU 

WR!TE!6,310) 

WRITE(6,309)VCBI28),VCBI30).VCB!3»,0AT1,VC3I41),VCBI50),VCBI51),VC 
IBI 3 ) tOAT? 

WRITFI6.310! 

WRI TE 1 6 , 31 1  ) 

WRITE!6,310) 

ISNO*SAl,NO 
T  AR*0, 0 
TAREA*0,0 
DO  60  t«l ,  T SNO 

ara=xyhi  h*(xtca(  i  i+xYcem  )/2,o 

TAR-TAR+ARA 

XYAU)  *ARA 

XYP( I ) =\00.0*ARA/S0 

stnx*o.o 

!F(  r.LF,NMHR)St.nX*SirARH  ) 

TARE A*T  ARE A*AP A*S10X 
60  fONTINUF 

TAREA*TAREA*XN04-VENT 

X[)  0“  SQRTI 4,  0*T  AREA/3, 1416  )/l  2,0 

TAPEA- fAPEA/144.0 

0AT1»TAREA 
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0AT2-X00 
DAT3*T  AREA*CDO 
TAR£A*TARAXN0/144»0 
TPOR«TAREAnOO.O/<SO/144.0» 

WRITE  (6.  309SVCBI  46),  VCB(47),  VCBI3I.DAT  i,VCM  381  ,VCB(48l »VCB(49) ,VC 

_ IB<3),0AT2,VC8C 37|#VCB<6I  ,VCB(?)  .VCBISKOATltVCBOBJ 

WR!TE(6,308l 

WR|TE(6»307MTITLE<K),K=l,12) 

_WR!TE<6,312» 

WRITE 16*313 ) 

WRITE (6»  314) 

_ PO  90  I«l,ISNO  _  _ 

J-ISN0-H-1 

XYP( J1«XYP< J5*XNQ 

_ HHHRT*XYY(  2® -M  2XHP 

HHWRB*XVY< l ,J) /XHR 
XSOF«XVA( J>*XN0/ 144.0 

WRITE (6, 3151 XV  YI  2» J) ,HWMRY,XYCA(J1 ,  X A< J I , X VC <  2 , J» 
WR!TE<6,316U,XYH<J),XYAt  J1  , XSQE , XYP < J ) 

WRITE (4»31T> XV Ytl , J i ,HHHR B* XYCB ( J» • X8C J» ♦ XYC( 1 » J) 

tFU.GT.NMBRJGC  TO  1284 

PRS0*CSLTAR(n/S0>*100.0*XN0 

XSOF»”NO*SLTAR (!) /144.0 

strtrr=»SLTOT+xsoF 

PRSL  T*PR  SiT-frPRSO 

WRITE<6.3i<)H,SPC(  Ii .  SLTARH  )  ,  XSQf  .  PRSO 
GO  Tn  88 

1284  IF(IeE0. ISNO*GO  TO  88 

PR$n*<AR(J»/SO)ftlOO.O*XNO 

XS0F»XNn*ARUI/l44,0 

CRTOT«CRTOT+XSQF 

PRSTnixpRSTOT+PRsn 

WRITS <6, 320  JAR (.H  .XSOF.PRSO 

88  if(  u  r.ro.8  jaoR.(  i.eo.ion.op.  (i.eq.imjgo  to  89 

(F(n.FO«20).^B.r  !.EO«2S).OR.n*EO*30»)GO  TO  89 
IF ( ( ! . SO. 35 ) »0R« ( I • EQ.40) «0R*  < I .E0.45) IGO  TO  89 

GO  TO  RO 

89  IF  U.  EQ,  ISNOtO.n  TO  90 
WRITE(A,808> 

WR l TE ( 6,  JOT ) ?  TI »  Lt( K  J  »K«1« 12) 

WR I  YE {6 ,312 » 

WRITE (6 , 318  t 
WRITE  (4,3m 
WRITS  <4 „ M 4) 

OO  f.ONHN-JE* 

WRITE  Ili  ,30‘M 

WR ( TF ( hf 39T) ( T  JTLE( R ) ,K*1»12) 

UR  I  f  M  i>  i  32  3  t.LTOV 
W«ITM4,324)PRSL< 
write;',,  3,’S  ir.RTOT 
WRITE (6, 324 JPR  .. Of 


3  5? 


WRITE I6.327IVENT 
WRITE 16 .3241 VENFO 
WRITE (6, 329)  TARE A 
WRITE «6. 3241 TPOR 

3?3  F0SKATHQK0T9T4L  SLOT  flSEfi  «  oPI2.3i»‘m  SQ«FT9§ 

324  FORMAT  UTH  PERCENT  Of  SO  a  .F12.3) 

329  FORMAT (2SHOTDTAL  CRESCENT  SLOT  AREA  *  .F12.3.7H  SQ.FT.) 

32T  FORMAT I 19H0T0TAL  VENT  AREA  «  .F12.3.7H  SQ.FT.) 

379  FORMAT I20M0T0TAL  CLOTH  AREA  *  .F12.3.TH  SQ.FT.) 

300  FORMAT (12A6.7X. Ill 

301  F0RMATUH1.24R.12A6) 

30?  FORMAT 4 2F10.0.54X. A6I 

303  FORMAT  1 1R.2I 3.3X.9A6) 

304  FORMAT (7F10.0.9X.I1) 

309  FORMAT I 44H0  INSUFFICIENT  DATA  PROVIDED  TO  OEStGN  CHUTE) 

306  FORMAT! 3F10.0.44X.A6) 

307  F0RMATUH0.24X.12A6) 

300  FORMAT  UH1.42X.49HR  INGSAIL  CHUTE  0ES1GM) 
300  FORMAT  U  X , 3A6.F10. 3.1X* A&.12X.3A6.F10.3.1X. A6.12X.3A6.F10.3.1X. A6I 

310  FORMAT I1H  I 

311  FORMAT !43H  CHECK  ON  AREA  AMO  01  A.  FROM  SAIL  SUMMATION) 

312  FORMAT  UM0.43X.4ZMG  ORE  AND  SAIL  DESIGN) 

313  FORMAT U05H0SAIL  DISTANCE  H/HR  SAIL  WIDTH  SAIL  WIDTH 

l  GORE  WIDTH  HEIGHT  FREE  SAIL  AREA) 

3H  FORMAT ( 117H  NO®  FROM  AREX  LESS  SEAM 

\  AT  SAIL  Of  SAIL  SO.  IN.  SO  FT/RING  PER*  SO/RING) 

315  FORMAT ( 5H0  TOP  .  2X  ,  5F1 2.  3) 

316  F0RMATI3X.I2.62X.4F1 2. 9) 

317  FORMAT < 7H  BOTTOM, 5f 12.3) 

31*  F0RMAT?50X.UH(C0NT!NU€DI  F) 

3^9  FORMAT! 10H0SL0T  NO.  , I3.54X.4F12.5) 

3?0  FORMAT  U4M0CRESCENT  SLOT,  69X.3F12.3) 

F0RMAT!50U,29X,m 
322  FORMAT *5011. FI 0.0, 9X, I1.9X.I1I 
RETURN 
END 

BLOCK  DATA 

COMMON /COAT A /COOX  150 1 ,00X| 50), ICO 
COMMON  'RGTBL/PSVM50!  .PRSLI50),  I  PD 
COMMON /FULDAT/HHRI 50) «  XK A! 50 ) «  XKfM  50 ) * 1FD 

TATA  COOX.OOX.PSVR.PRSl  ,HHR , XX A, XK8/50*0» ,50*0. .50*0. . 50*0. . 

50*0«.  .50*0„  ,50*0,  / 

FNC 


1  10  CHUTE  0 1  A.  «  CANOPY  AREA  DRAG  AREA  NO.  OF  GORESL/CHUT 
1 1  20  E  0! A. DCS. COO  RIGGING  LGTHLINE  LENGTH  RISER  IENGTHGDRE  L 
2i  30  ENGTH  6.44  H»/N  VENT  RADIUS  VENT  DIA.  DVLAMBDA  SUB  C  SUB  G 


Best  Avai 


1,-juj-  .rs 
i  kJ  t  W  V  C# 
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91  49 

SU9  T  Si® 

55SAIL 

At  50 

OE*S«  S0*1*I«SVS« 

11  ,J4. 

RISERS  M/S 

¥f«T 

1901 90 

8M0ATA 

•ns 

10.0 

*111 

tM 

•  716 

30*0 

•  717 

34.0 

*710 

40.0 

•  756 

45®0 

.795 

48.0 

50*0 

•  620 

55.0 

.625 

60*0 

«_830 

70*0 

•  §32 

80*0 

.634 

90.0 

.999 

100.0 

•  935 

110.0 

•  635 

120.0 

*815 

130.0 

/ 

-24,9 

—47.8 

-18*5 

-31*1 

—14.7 

—  30.  4 

-9*79 

*"21.7 

—3*3.0 

*"13.03 

— 1  •  59 

—4.  39 

0.0 

0a© 

2.59 

4.  35 

4.65 

13.09 

f.09 

21.7 

9.05 

30.4 

1 0.  6 

39®  l 

0.00 

1 . 06 

1.06 

9.49 

1.013 

1.015 

0.45 

1.013 

2.08 

0,60 

1*0 

1,08 

.  .  0 

1.0 

1,05 

n  sin  a  /  o  feit 

TOTAL  AREA 


SO*  FT# 1MCHESROU NOS 
DIAMETER  NO®  OR 


ENPATA 


ENDATA 


ENOATA 


<*0/ 


V.Q 
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